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VORWORT. 


Das  vorliegende  Werk  hat  —  in  Verbindung  mit  dem  un- 
längst erschienenen  Technical  Vocabulary'^-  —  den  Zweck,  Stu- 
dirende  und  Lehrer  der  Naturwissenschaft  und  Technik,  sowie 
in  der  Praxis  stehende  Techniker  und  Industrielle  durch  ver- 
hältnissmässig  geringen  Aufwand  von  Zeit  und  Mühe  mit  der 
neuern  naturwissenschaftlich-technischen  Sprache  und  Literatur 
Englands  soweit  vertraut  zu  machen,  dass  sie  im  Stande  sind, 
durch  das  Studium  der  in  der  fremden  Sprache  abgefassten 
Werke  und  Zeitschriften  die  Fortschritte  und  Leistungen  des 
Auslandes  in  ihrem  Fache  zu  verfolgen  und  zu  prüfen. 

Eine  solche  naturwissenschaftlich -technische  Chrestomathie 
scheint  mir  zweckentsprechend  zu  sein,  wenn  sie  einerseits, 
ohne  bei  massigem  Umfang  ein  .wichtiges  Gebiet  zu  übersehen, 
Aufsätze  enthält,  welche  von  hervorragenden  Fachmännern  nach 
dem  neuesten  StandpunM  der .  Wissenschaft  geschrieben  sind 
und  bei  klarer  Darstellung  die  Kenntniss  der  wichtigsten  Aus- 
drücke des  betreffenden  Faches  vermitteln,  —  wenn  sie  ander- 
seits dem  Leser  die  sprachlichen  und  sachlichen  Schwierigkeiten 
erläutert  und  so  das  beständige  zeitraubende  und  oft  doch  ver- 

*  Technical  Vocdbulary,  English  and  German.  Für  technische  Lehr- 
anstalten und  zum  Selbstudium  für  Studirende,  Lehrer,  Techniker  und 
Industrielle.  Von  Dr.  F.  J.  Wershoven.  Mit  einem  Vorwort  von  Geh. 
Regierungsrat  A.  v.  Kaven,  Director  der  technischen  Hochschule  in 
Aachen  (Leipzig,  F.  A.  Brockhaus,  1880). 
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gebliclie  Suchen  in  Wörterbücliern  erspart.  Ich  wünsche,  dass 
mir  der  schwere  Versuch,  ein  derartiges  Ilülfsmittel  zu  schaffen, 
einigermassen  gelungen  sein  möge. 

Die  Aufsätze  sind  hauptsächlich  entnommen  den  Werken 
von  Maxwell,  Lockyek,  Roscoe,  Wilson,  Atkinson,  Jenkin, 
Wagnek-Crookes,  Bloxam,  Smiles,  Philips,  Rankine,  Vose, 
Barry,  Shelley,  Thueston  u.  a.,  ferner  den  Encyklopädien 
von  Ure,  Chambers,  Spon  (Bidionary  of  Engineering),  Kkight 
(American  Mechanical  DictionaryJ,  und  den  Zeitschriften  En- 
gineering, The  Etigineer,  Iron,  The  Scientific  American,  The 
Artizan,  The  Journal  of  Science,  The  Nineteenth  Century,  Pro- 
ceedings  of  the  Royal  Society. 

Dieser  zweite  Teil  behandelt  Maschinentechnik  und  mecha- 
nische Technologie;  der  bereits  erschienene  erste  Teil  umfasst 
Physik,  Chemie  und  chemische  Technologie;  der  dritte  Teil 
wird  dem  Bau-Ingenieurweseu  gewidmet.  Ein  genau  ent- 
sprechendes französisches  Lesebuch,  im  Anschluss  an  das  Vo- 
cahulaire  tcchnique  frangais-allemand  (Leipzig,  F.  A.  Brockhaus, 
1879),  soll  demnächst  folgen. 

Den  Herren  Geh.  Picgierungsrat  A.  v.  Kaven  (Aachen),  Geh. 
Regierungsrat  Professor  Reuleaux  (Berlin),  Dr.  Scheffler 
(Dresden),  H.  Gillmann  (London),  L.  Becker  (Tiverton) 
und  H.  Ziegler  (New  Charlton)  beehre  ich  mich  auch  an 
dieser  Stelle  für  ihre  freundliche  Unterstützung  ergebensten 
Dank  auszusprechen. 

Brieg,   im  October  1880. 

Dr.  WERSHOVEN. 
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1.    STRENGTII  OF  MATERIALS.* 

The  word  Stress  ^  has  been  adopted  as  a  general  term  to  com- 
prehend  various  forces  which  are  exerted  between  contiguous  bodies 
or  parts  of  bodies,  and  which  are  distributed  over  the  surfaces  of 
contact  '^  of  the  masses  between  which  they  act.  The  intensity  ^  of 
a  stress  ib  its  amount  in  units  ■*  of  weight,  divided  by  the  extent 
of  the  surface  over  which  it  acts,  in  units  of  area.  The  various 
kinds  of  stress  may  be  thus  classed:  1.  Thnist,  or  Pressure^,  is 
the  force  which  acts  between  two  contiguous^  bodies,  or  parts  of 
a  body,  wlien  each  j)ushes  the  other  from  itself,  and  which  tends 
to  compress  or  shorten  each  body  on  which  it  acts,  in  the  direction 
of  its  action.  2.  Pull,  or  Tension  ^,  is  the  force  which  acts  between 
two  contiguous  bodies,  or  parts  of  a  body,  when  each  draws  the 
other  towards  itself,  and  which  tends  to  lengthen  each  body  on 
which  it  acts,  in  the  direction  of  its  action.  Pressui'e  and  tension 
may  be  either  normal  ^  or  oblique  '■•,  relatively  to  the  surface  at  which 
they  act.  3.  Shear,  or  Tangential  Stress  ^^,  is  the  force  which  acts 
between  two  contiguous  bodies,  or  parts  of  a  body,  when  each 
draws  the  other  sideways,  in  a  direction  parallel  to  their  surface 
of  contact,  and  which  tends  to  distort  each  body  on  which  it  acts. 
The  word  "pressure"  is  sometimes  applied  to  stress   in  general. 

The  Centre  of  Stress  ^^  or  of  pressure,  in  any  surface,  is  the 
point  traversed^^  by  the  resultant  ^^  of  the  whole  stress,  or  in  other 
words,  the  centre  of  2^tt>'(^llcl  forces  for  the  whole  stress.  By  an 
nniformly  varying  ^*^  stress  is  understood  a  stress  whose  inteusity, 
at  a  given  point  of  the  surface  to  which  it  is  applied,  is  pro- 
portional to  the  distance  of  that  point  from  a  given  straight  line. 
If  a  body  be  conceived  to  be  divided  into  two  parts  by  an  ideal 
plane  traversing  it  in  any  direction,  the  force  exerted  between  those 

1  Spaunuug.  2  Berührungsfläche.  3  Inteusität,  Stärke.  ■*  unit  of  iceig/tt  Gewichtsein- 
heit; Unit  of  area  Flächeneinheit,  unit  of  power  Krafteinheit,  unit  of  work  Arbeitseinheit, 
thermal  unit  Wärmeeinheit,  etc.;  uyiit  Eiuheitsgrösse,  unity  Einheit  =  Zahl  1.  5  Druck 
oder  Pressxing.  ß  sich  berührend,  in  Contact  befindlich.  "  Zug  oder  Dehnung,  s  normal. 
9  schief.  10  Scher-,  Schub- oder  Tangentialspannung.  n  Spannungsmittelpunkt.  12  durch- 
schneiden.    13  Resultirende,  Resultante,  s.  Nr.  4,    1.     1*  sich  gleichförmig  ändernd. 

*  S.   Tectinical  Vocabuiari/,  Engtis/t  and  German.    Von  Dr.  F.  J.  Wershoveu.     Mit  einem 
Vorwort  von  Geh.  Kegierungsrat  A.  v.  Kaveu  (Leipzig,  F.  A,  Brockhaus.  1880),  Kap.  46. 
Webshoven.    II.  \ 


2  1.     STRENGTH    OF   MATERIALS. 

parts  at  the  plane  of  division  is  an  internal  stress.  ^^  A  pair  of 
Stresses,  each  acting  on  a  plane  parallel  to  the  direction  of  tlie 
other,  are  said  to  be  conjugate.  ^^  The  term  fluid  jpressure  is  used 
to  denote  a  thrust  which  is  normal  and  equally  intense  in  all 
directions  round  a  point. 

The  word  Strain^^  is  applied  to  denote  the  alterations  in  the 
volume  and  figure  of  a  solid  body  and  of  its  parts,  produced  by 
forces  applied  to  it.  To  each  kind  of  sti'ain  there  corresponds  a 
kind  of  stress;  being  the  external  force  which  produces  that  strain, 
and  the  equal  and  opposite  force  wherewith  the  solid  resists  that 
strain: — 

Straiu.  Fracture.  18 

T        •,    T     1  i  Extension Tearing. 

Longitudmal  .  .  .    ^                .  n      i  • 

°  {  üompression Crushing. 

(  Distortion Shearing. 

Transverse  ....    <  Torsion  or  Twisting  ....  Wrenching. 

(  Bending Breaking  across.  ^^ 

The  Elasticity  of  a  solid  consists  of  stiffness^^  or  resistance 
to  change  of  figure  ^^,  combined  with  the  power  of  recovering  the 
original  figure  when  the  straining  force  is  withdrawn.  If  that 
recovery  is  perfect  and  exact,  the  body  is  said  to  be  perfectly 
elastic^^;  if  there  is  a  set,  or  permanent  change  of  figure,  after  the 
removal  of  the  straining  force,  the  body  is  said  to  be  imperfectly 
elastic.  The  elasticity  of  no  solid  substance  is  absolutely  perfect; 
the  limit  beyond  which  solids  are  incapable  of  regaining  their 
original  form  and  volume,  is  called  the  limit  of  elasticity.  ^- 

The  TJltimate  Strength^^  of  a  solid  is  the  stress  required  to 
produce  fracture  in  some  specified  way.  The  Proof  Strength-^  is 
the  stress  required  to  produce  the  greatest  strain  of  a  specific  kind 
consistent  with  safety;  that  is,  with  the  retention  of  the  strength 
of  the  material  unimpaired.  Strength,  whether  ultimate  or  proof, 
is  the  product  of  two  quantities,  which  may  be  called  Tonghness 
and  Stiffness.''-^  Tonghness  is  here  used  to  denote  the  greatest 
strain  which  the  body  will  bear  without  fracture  or  without  injury, 
as  the  case  may  be:  stiffness,  which  might  also  be  called  hardness^^, 
is  used  to  denote  the  ratio -^  borne  to  that  strain  by  the  stress 
required  to  produce  it, — being,  in  fact,  a,  modtdus  of  elasticity-^  of 
some    specified    kind.     Malleahle^^   and   ductile^^   solids  have  ulti- 

^3  innere  Spannung.  16  conjugirt;  conjugate  foci  of  a  mirror  coujugirte  Brennpunkte 
eines  Spiegels  (Optik).  17  Beanspruchung,  Anstrengung,  Deformation.  ^^  fracture  Bruch; 
fraction  Bruch  in  mathematischem  Sinne,  s.  Teil  I,  S.  158;  longitudinal  der  Länge  nach 
(longitudinal  sleeper  Längsschwelle  einer  Eisenbahn),  transverse  der  Quere  nach,  extension 
Ausdehnung,  ex/c/ise6i7i7y  Ausdehnbarkeit,  iear^np  Abreissen,cowij9r««sio«Zusaniaiendrückung, 
crusfnng  Zerdrücken,  distortion  Schub,  .«ÄeariX?  Abscheren,  torsion,  ticistingToision,  wrenching 
Abwinden,  Jendi'n^  Biegung,  6r«oA-(ny  «eross  Abbrechen,  Zerknicken,  i*  Steifigkeit.  20"\;v'ider- 
stand  gegen  Gestaltsänderung.  2i  (itn)perfectlg  elastic  (un)vollkommen  elastisch.  29  Elasti- 
citätsgrenze.  23  Tragfestigkeit.  24  Elasticitätsgrenze.  25  Härte.  26  Verhältniss.  27  Elasti- 
citätsmodul,     28  hämmerbar.     29  dehnbar,  geschmeidig. 
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mute  toughness  groatly  exccoding  their  proof  toughness.  Brittle  ^" 
solids  have  tbeii-  ultimato  and  proof  toughness  equal  or  nearly 
eqiial. 

Bcsilicuce  or  Spring ^^  is  the  quantity  of  mcchanirnl  worJc'^'^ 
required  to  produce  the  proof  strain ,  and  is  equal  to  the  product 
of  that  .strain,  by  the  mean'^^  sfrcss  in  its  own  direction  wliich 
takes  place  during  the  production  of  that  strain, — sucli  stress  being 
either  exactly  or  nearly  equal  to  one-half  of  the  stress  correspond- 
ing  to  the  proof  strain. 

Each  solid  has  as  niany  different  kinds  of  stiffness,  toughness, 
strength,  and  resilience  as  there  are  different  ways  of  straining  it, 
as  the  following  table  shows.  In  that  table  pliahilUy  is  used  as  a 
general  term  to  denote  the  inverse  of  stiffness: — 


Stress. 

strain. 

.stiffness. 

Pliability.               Fracture. 

strength. 

Pull. 

Thrust. 

Shearing. 
Twisting. 

Bending. 

Stretchiug  or 
Extension. 

Squeezing  or 
Compression. 

Distortion. 

Twisting  or 
Torsion. 

Bending. 

Transverse 
Stiffness. 

Extensibility. 

Com- 
pressibility. 

Flexibility. 

Tearing. 
Crushing.  '^* 
Shearing. 

Wrenching. 

Breaking 
Across. 

Tenacity. 

Those  kinds  of  stiffness  and  strength  which  have  no  single  word 
to  designate  them,  are  called  resistance  to  the  kind  of  strain  or 
fracture  to  which  they  are  opposed  (resistance  to  crushing,  resistance 
to  shearing  ^^,  &c.). 

A  Factor  of  Safeti/^^,  when  not  otherwise  specified,  means  the 
ratio  in  which  the  hrcahmg  load'^^  exceeds  the  worJcing  loacl.^^ 
In  fixing  factors  of  safety,  a  distinction  is  to  be  drawn  between  a 
dead  load^"^ — that  is  a  load  which  is  put  on  by  imperceptible 
degrees,  and  which  remains  steady,  such  as  the  weight  of  the 
structure  ■*'^  itself,  and  a  live  load*^  —  that  is,  a  load  which  is  put 
on  suddenly,  or  acconipanied  with  Vibration,  such  as  a  swift  train 
travelling  over  a  railway  bridge,  or  a  force  exerted  in  a  moving 
machine. 


30  spröde.  3i  Federung.  32  mechanische  Arbeit,  s.  Xr.  26  und  Teil  I,  Nr.  8.  33  ynean 
velocity  mittlere  Geschwindigkeit,  mean  barometric  heiyfit  mittlere  Barometerhöhe  u.  s.  w. 
3*  cnishing  bij  Splitting  Zerdrücken  durch  Spaltung,  by  shearing  or  sliding  durcli  Abscheren 
oder  Gleiten,  bij  bulging  durch  Ausbauchen.  3.5  resistance  to  shearing,  shearing  strength 
Scherfestigkeit,  tensile  strength  Zugfestigkeit,  compressite  strength  Druckfestigkeit.  36  Sicher- 
heitsfactor.  37  Bruchbelastung.  38  Arbeitsljelastung.  39  tote  Last,  •»o  Bauwerk.  •*!  Nutz- 
last, bewegliche  Last. 
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The  Froof  or  Testmg^^  by  experiment  o£  the  strength  of  a 
piece  of  material  is  to  be  conducted  in  two  different  ways,  according 
to  tlie  object  in  view.  If  the  piece  is  to  be  afterwards  used,  the 
testing  load*^  must  be  so  limited  that  there  shall  be  no  possibility 
of  its  impairing  the  strength  of  the  piece,  that  is,  it  must  not  ex- 
ceed  the  proof  strength.  If  the  piece  is  to  be  sacrificed  for  the 
sake  of  ascertaining  the  strenglh  of  the  material,  the  load  is  to  be 
increased  by  degrees  until  the  piece  breaks.  The  proof  strength 
requires  much  more  time  and  trouble  for  its  determination  than 
the  ultimate  strength.  It  was  formerly  supposed  that  the  production 
of  a  set**,  that  is,  a  disfigurement  which  continues  after  the  i'emoval 
of  the  load,  was  a  test^of  the  proof  strength  being  exceeded;  but 
Mr.  Hodgkinson  showed  that  supposition  to  be  erroneous,  by  prov- 
ing  that  in  most  materials  a  set  is  produced  by  almost  any  load, 
how  small  soever.  The  strength  of  bars^^  and  beams^^  to  i'esist 
breaking  across,  and  of  axles  to  resist  twisting,  can  be  tested  by 
the  application  of  known  weights  either  directly  or  through  a 
lever^^.  To  test  the  tenacity  of  rods^^,  chains,  and  ropes^'^,  and 
the  resistance  of  pillars  to  crushing,  more  powerful  and  complex 
mechanism  is  required;  the  apparatus  most  commonly  employed  is 
the  hydraulic  press. '^^ 

Co-efficients  or  Modidi  of  Strength'^^  are  quantities  expressing 
the  intensity  of  the  stress  under  which  a  piece  of  a  given  material 
givQs  way  when  strained  in  a  given  manner;  such  intensity  being 
expressed  in  units  of  weight  for  each  unit  of  sectional  area  of  the 
layer  of  particles  at  which  the  body  fii'st  begins  to  yield.  Co- 
efficieuts  of  strength  are  of  as  many  different  kinds  as  there  are 
different  ways  of  breaking  a  body.  "SVhen  of  the  same  kind,  they 
may  still  vary  according  to  the  direction  in  which  the  stress  is 
applied  to  the  body.  Thus  the  tenacity,  or  resistance  to  tearing, 
of  most  kinds  of  wood,  is  much  greater  against  tension  'exerted 
along  than  across  the  grain. 

Rankine  ^^,  Applied  Mechanies  and  Civil  Engineering. 


*2  Probiren,  Prüfen,  Probe.  **  Probebelastung.  **  bleibende  Formänderung.  *5  Stange. 
*6  Balken,  s.  Nr.  7,  i  4.  *'  Hebel,  s.  Nr.  5,  3.  48  s.  Nr.  7.  -lO  hydraulische  Presse,  s.  Teil  I, 
Nr.  3.  50  coefficient  0/  strength  Festigkeitscoefficient ,  coefncient  of  /riction  Reibungscoef- 
ficient,  modulus  0/  elasticitu  Elasticitätsmodul,  modulus  of  rupture  Briichmodul ,  bending 
vioment ,  inomeni  of  flexure  Biegungsmoment,  inoment  of  resistance  Widerstandsmoment, 
moment  of  inert ia  Trägheitsmoment.    5i  g.  Teil  I,  Nr.  6,    3. 
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2.   UPON  TUE  NATURE  AND  STRENGTH  OF  IRON.* 

Iron  is  employed  by  tho  eugineer  in  three  several  Ibrms:  cast 
iron  S  ivrought  iron  -,  and  stccl.  ^  Gast  iron  is  known  as  charcoal  *, 
coke,  anthracite  or  bituminous,  liot  or  cold  blast  '•",  foundry  or  forge 
iron"',  according  as  it  is  niade  witli  one  or  other  of  tho  several 
fuels  '^,  Avith  the  hot  oi*  cold  blast,  and  whethor  intended  for  foundry 
use  or  for  making  into  wrought  iron.  Of  cast  iron  tliere  are  two 
prinoipal  kinds,  the  gray  and  the  xvhitc^  difiering  in  their  chemical 
and  pliysical  characters,  and  between  these  two  are  several  inter- 
mediate  varieties,  which  resemble  more  or  less  the  gray  or  the 
white,  as  they  approach  nearer  to  one  or  the  other.  The  gray 
iron  contains  one  per  cent.,  or  even  less,  of  carbon  "*,  chemically 
combined,  and  from  one  to  four  per  cent.  of  carbon  in  the  state 
of  plumbago  ^,  mechanically  mixed.  The  white  iron  contains  from 
two  to  five  per  cent.  of  carbon,  in  a  state  of  chemical  combination. 
The  gray  iron  is  soft  and  tough,  slightly  malleable  '^  when  cold, 
may  be  drilled  ^,  planed,  or  turned,  melts  at  a  lower  heat  than  the 
white,  being  red  when  molten,  remains  fluid  a  long  time,  fiUs  the 
mould  ^"^  readily,  and  gives  fine  sharp  angles  to  the  casting.  ^^  The 
fracütre^'-  is  granulär,  of  a  gray  colour,  with  a  metallic  lustre. ^^ 
White  cast  iron  is  hard,  brittle,  and  sonorous,  cannot  be  worked, 
is  not  easily  melted,  is  white  when  fluid,  thickens  rapidly,  and 
shows  a  white  crystalline  fracture,  with  a  vitreous  lustre.  The  gray 
iron  is  most  suitable  for  strength,  the  white  for  hardness.  The  two 
varieties  may  be  produced  from  the  same  oi-e  under  different  con- 
ditions  of  temperature.  The  carbon  requires  to  cool  slowly  in  order 
to  form  graphite  or  plumbago,  and  to  exist  as  a  separate  material 
in  the  iron;  rapidly  cooled,  the  carbon  remains  chemically  combined, 
thus  producing  white  iron.  The  process  of  cJiillhig^*  where  the 
outer  surface  of  a  casting  for  a  half  or  three  fourths  of  an  inch  is 
an  exceedingly  hard  white  iron,  while  the  interior  of  the  mass  will 
be  tough  and  gray,  illustrates  the  effect  of  sudden  cooling.  A 
bright-gray  fracture,  uniform  in  colour  and  in  structure,  with  a 
medium-sized  grain,  sharp  and  rough  to  the  touch,  shows  a  good 
tough  iron.  As  the  colour  becomes  darker  and  the  lustre  less,  the 
iron  becomes  soft  and  weak.     As  the  fracture  becomes    lighter  the 

1  Cast-iron  oder  p/^-iVo»  Guaseiseu,  Koheiseu,  grey  (white,  motlled)  grau  (weiss,  halbirt). 
2  Stabeiseu,  Schmiedeeisen.  3  cast  steel  Gussstalil,  cemetUation  steel  C'emeutstahl,  blister 
Steel  Blasenstahl,  sfiear  steel  Gärbstahl,  German  steel  Scbmelzstahl,  natural  steel  Kohstabl, 
Besseiner  steel  Bessemerstahl.  •*  charcoal  Holzkohle,  carbon  Kohlenstoff,  plumbago  Graphit, 
8.  Technical  Vocabulary  S.  90.  ^  heiss  oder  kalt  erblasen;  blait  Gebläse.  6  Giesserei-  oder 
Frischereiroheisen.  ^  Brennstoff.  8  hämmerbar.  9  to  drill  bohren,  lo  turn  drehen,  to  plane 
hobeln,  lo  Form,  s.  Teil  I,  Xr.  2?,  4  1.  ii  Guss,  Giesseu.  12  Bruch;  granulär  körnig, 
fibrous  faserig,  crystalline  krystallinisch ;  grain  Korn,  fine-  (coarse-)  grained  fein-  (grob-) 
körnig.     13  metallischer  Glanz,     i*  to  Chili  abschrecken,  chilled  wheel  Schalengussrad. 

*  S.  Teil  I  dieses  Werkes,  Xr.  28:  "Manufacture  o/  Iron  and  Steel"  (S.  87—107),  mit 
Anhang  dazu  (S.  160—163),  und  Technical  Vocabulary,   eh.  45  (S.  118—129). 
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iron  is  harder,  but  less  toiigh,  iintil  tlie  colour  is  white,  and  the 
lustre  vitreous,  when  it  is  too  hard  and  brittle  foi'  use,  except  in 
combination  with  softer  irons.  If  the  edge  of  a  casting  is  indented 
by  a  bloAV  from  a  hamnier,  the  iron  is  tough  and  slightly  malleable: 
the  edge  of  a  brittle  casting  will  break.  Besides  the  general  division 
into  gray  and  white  iron,  the  several  varieties  are  numbered  by  the 
trade  according  to  the  hardness,  or  the  amount  and  qnality  of  the 
carbon  contained.  ^"^  No.  1  is  the  softest,  without  much  strength, 
but  running  very  fluid,  and  good  for  mixing  with  harder  varieties 
of  i)ig  or  with  scrap  iron.  ^^  No.  2  is  harder  and  stronger,  with  a 
closer  grain  and  a  brighter  surface.  No.  3  is  yet  harder  and  stronger, 
with  a  metallic  lustre.  No.  4  is  tenned  "Bright";  No.  5  "Mottled"; 
and  No.  6  "White":  the  latter  being  very  hard,  brittle,  and  unfit 
for  use  alone.  As  the  colour  and  structure  of  cast  iron  depends 
much  ujion  the  length  of  time  in  which  it  cools  from  a  fluid  state, 
small  Castings  and  the  surfaces  of  large  ones,  are  almost  always 
white  and  hard.  The  various  ores  and  the  mineral  fuels  used  in 
smelting  frequently  contaiu  substances  which  injure  the  quality  of 
the  iron,  sulphur  and  phosphorus  being  among  the  worst.  The 
former  renders  the  iron,  when  made  into  wrought  bars,  fusible,  and 
hard  to  weld,  being  brittle  when  hot,  or  ^'hot  shorf\  ^^  The  latter 
makes  tlie  iron  brittle  when  cold,  or  "^cold  shorf\  The  hot  blast, 
while  saving  fuel,  and  producing  a  larger  yield,  also  causes  the 
iron  to  combine  with  a  larger  quantity  of  impurities.  Iron  for 
purposes  requiring  great  strength  should  be  made  from  carefully 
selected  ores,  reduced  with  charcoal,  and  the  cold  blast. 

For  the  strength  of  the  various  sorts  of  cast  iron,  we  are  in- 
debted  chiefly  to  the  investigations  of  Mr.  Hodgkinson.  He  found 
the  mean  ultimate  tensile  strength  ^^  of  27  various  irons  to  be 
15,679  pounds  per  Square  inch.  The  varieties  experimented  upon 
were  Nos.  1,  2,  and  3,  both  hot  and  cold  blast,  of  the  best  Scottish 
and  Welsh  manufacture.  The  addition  of  a  certain  percentage  ^^  of 
malleable  scrap,  first  proposed  by  Mr.  Morries  Sterling,  producing 
wliat  is  termed  toughcned  cast  iron,  increases  very  much  the  strength. 
Mr.  Hodgkinson  found  the  tensile  strength  of  Calder  (Lanarkshire) 
No.  1,  hot  blast,  mixed  with  20  per  cent.  of  malleable  scrap,  to 
be  25,764  pounds  per  square  inch. 

Eemelting,  or  prolonged  fusion,  increases  the  density  and  strength 
of  cast  iron,  though  these  processes  involve  a  waste  of  material. 
Experiments  by  Mr.  Fairbairn,  in  which  a  ton  of  No.  3  bot  blast 
iron  was  melted  18  times  in  succession,  showed  the  strength  to 
increase  up  to  the   12th  melting;  after  which  it  decreased. 

Cast  iron,  being  liable  to  hidden  defects  from  unequal  con- 
traction   in   cooling,    and    other    causes,    and    having  a  low  tensile 

15  Abfalleisen.  16  hierzu  vergl.  Teil  I,  S.  94.  i"  hot-short  oder  red-short  rotbrüchig 
cold-short  kaltbrüchig,    i«  s.  Kr.  1.     19  Procentsatz. 
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streiigtli,  is  iiut  emjjloyed  to  resist  a  direct  tensiun.  It  is,  liowever, 
subject  to  such  a  strain***  in  the  lower  flaiiges  of  girders.  ^"^  It  is 
when  omnloyed  to  resist  compi'essive  forces  that  we  obtain  the  füll 
value  of  cast  iron,  as  its  resistance  to  crushing***  is  very  great. 
The  mean  compressive  strength  of  16  several  irons,  tested  by  Mr. 
Hodgkinson,  was  86,284  pouuds  per  Square  inch.  The  resistance 
of  toughened  iron  made  of  Calder  (Lanarksliire)  Xo.  1  bot  blast, 
with  20  per  cent.  of  nialleable  scrap,  was  122,395  pounds,  and 
Staffordshire  No,  1  bot  blast,  with  15  per  cent.  of  scrap,  144,264 
pounds. 

Wrougid  or  mallcahle  iron  should  be  pure  iron.  It,  however, 
generally  contains  .^  per  cent.  or  less  of  carbon,  and  except  the 
best  varieties  other  impurities.  Cast  iron  contains  from  2  to  5 
per  cent.  of  carbon,  and  its  conversion  to  wrought  iron  consists  in 
the  removal  of  the  excess  of  carbon,  which  is  eft'ected  by  melting 
the  pig  iron,  and  keeping  it  in  a  state  of  fusion  in  contact  with 
air  in  a  reverberatory  or  piiädling  furnace-^,  until  its  carbon  by 
combining  vith  the  proper  quantity  of  oxygen  is  nearly  or  quite 
removed,  when  the  iron  loses  its  fluidity,  and  becoming  stiff,  is 
worked  up  into  a  ball^^,  which  is  placed  under  a  hammer  in  order 
to  be  shingled  ^^,  or  into  a  sqxieezcr  ^*,  to  be  compressed,  in  order 
to  work  out  the  liquid  cinder.  ^^  The  oblong  niass  thus  produced, 
termed  a  bloom'-''\  is  then  raised  to  a  welding  temperature,  in  a 
rchcating  furnace"-',  and  again  haramered,  or  if  it  retains  heat 
enough,  is  at  once  passed  through  the  rougliing  rolls'-^,  by  whicli  it 
becomes  a  flat  bar.  The  bars  thus  made  are  cut  into  lengths  and 
piled,  or  "fagottcd'^  ^^  into  bundles.  Finally,  these  piles  are  again 
heated,  and  passed  througb  ihe  fmishmg  roUs^^,  by  whicb  tliey 
become  round,  square,  flat,  angle,  or  other  bars.*  In  some  cases, 
when  a  superior  quality  of  iron  is  desired,  the  pig  iron  is  refincd^'^ 
before  being  puddled  as  above.  Tliis  process,  by  which  a  part  of 
the  carbon  is  removed,  consists  in  melting  the  pig  in  a  refining 
furnace  ^^,  keeping  it  for  some  time  in  a  state  of  fusion  in  contact 
with  air,  and  afterwards  ruuning  into  it  large  flat  cast  iron  moulds, 
thus  forming  large  plates  of  hard  and  brittle  iron,  which  are  broken 

*  HoUing  miUs^^  are  of  several  kinds,  according  to  the  condition  or 
the  destination  of  the  iron.  The  first  set  is  called  the  forge-train,  much- 
train,  hlooming-mül,  ov  imddh-har  train.^"^  The  secoud  is  called  the 
merchant-har  trai)i,  plate-miU,  raü-miU,  or  u-ire-miU.  The  first  pair  of 
each  set  is  the  roughing  down,  and  the  second  pair  is  the  finishing.  The 
grooves  are  of  such  sectious  as  to  form  square,  round,  T,  or  other  angle 
ii'on*',  and  are  known  2l^  passes.  ^^  KyioHT. 

20  Träger.  2i  Flamm-  oder  Puddelofen.  22  BaUen,  Deul,  Luppe.  28  zängen.  24  Lup- 
penquetscher.  25  Schlacke.  26  Luppe.  2"  Schweissofen.  28  Vorwalzen.  29  packetiren; 
rail-pile  Schienenpacket.  3"  Fertigwalzeu  oder  Stabeisenwalzwerk.  3i  Walzwerk.  8-2  Puddel- 
■walzwerk.  33  Quadrat-,  Kund-,  T-,  Winkeleisen;  ßat  iron  Flacheisen;  plate  Blech,  boiler- 
plate  Kesselblech,  corrugated  gewellt,  Itoops  Bandeisen ;  mill-bar  Kohschieue.  3i  Kaliber. 
5**  feinen,  raffiniren.    36  Raffinirherd. 
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up  and  worked  in  the  puddling  furnace,  as  before  described.  The 
process  of  cutting  and  piling  the  rough  bars  from  the  puddle  rolls  ^^, 
is,  in  some  cases,  i'epeated,  in  order  to  get  a  more  thoroughly 
worked  and  superior  iron.  Reworking,  however,  can  be  carried  too 
far,  good  wrought  iron,  compact  and  free  from  impurities,  after 
two  or  three  workings,  reaches  its  best  condition,  after  which  ad- 
ditional  heating  injures  it.  * 

Wrought  iron  varies  in  quality  according  to  the  original  ore^^ 
and  the  thoroughness  of  the  treatment  during  the  manufacture. 
A  bar,  to  be  streng  and  tough,  should  have  a  fracture  of  clear 
bhie-gray,  and  a  uniform,  fine,  close,  granulär  structure.  It  should 
bear  a  high  welding^^  heat,  and  bend  in  any  direction  when  hot 
or  cold,  without  breaking.  Cold  short  iron  has  a  lighter  coloured 
fracture,  and  though  tough  when  heated,  is  very  brittle  when  cold. 
Hot  short  iron  is  dark,  and  without  lustre,  and,  while  tough  and 
useful  for  many  purposes  when  cold,  is  brittle  and  unmanageable 
when  hot.  A  bar  of  pure,  tough  iron  will  be  clean  and  smooth, 
free  from  cracks  along  the  edges,  and,  when  drawn  out  into  small 
bars,  the  surface  of  fracture  will  show  the  grains  drawn  out  into 
fibres  with  a  silky  lustre. 

The  most  extensive,  and  by  far  the  most  complete  and  valuable 
series  of  experiments  upon  the  tensile  strengtli  of  wrought  iron,  are 
those  made  by  Mr.  Kii-kaldy,  at  the  works  of  Messrs.  Robert  Napier 
&  Sons,  of  Glasgow.  **  The  following  is  a  general  summary  of  these 
experiments: — 

Tensile  Strength  in  Pounds  per  Square  Inch. 

Higliest.  Lowest.  Mean. 

188  Bars,  roUed, 68,848  ....  44,584  ....  57,555. 

72  Angle  Iron,  &, 63,715  ....  37,909  ....  54,729. 

167  Plates,  lengthwise,  .  .  .  62,544  ....  37,474  ....  50,737. 

160  Plates,  crosswise, .  .  .  .  60,756  ....  32,450  ....  46,171. 

*  The  term  bar-iron  is  restricted  to  refiued  or  wrought  irou.  The 
bars  are  flat,  square,  round,  oval,  half  oval  or  half  round;  horseshoe  is 
a  fine  quality  of  flat  bar-iron;  nail-rod  iron,  small  square  iron  of  fine 
quality.  Heavy  hands ,  light  hands,  and  hoop  iron  are  thin  and  com- 
paratively  wide  bars.  Eailroad  iron  includes  flat  and  T  rails,  axles,  fish- 
plates,  bolts,  chairs,  and  spikes.  Bidlding-iron  embraces  beams,  deck- 
beams,  channel-bars,  T-iron,  and  fittings.  Angle-iron  is  knowu  as  equal- 
sided,  unequal-sided,  obttise,  star,  sash,  etc.  Sheet-iron  is  divided  into 
common  charcoal,  galvanized,  and  planished.  Hussia  sheet  is  a  fine  qua- 
lity of  planished  charcoal  iron.  Boofing-iron  is  corrugated  or  crimped, 
and  is  either  galvanized  or  black ;  it  is  numbered  according  to  thickness. 
Tank  and  fire-bed  iron  are  similarly  elassified.  Boiler-platc  iron  is  thicker 
than  the  above,  that   common  in   the  trade  varying   from  fV  to  |  inch. 

ICnight. 

**  Besiilts  of  an  Experimental  Iiiquiry  into  the  Tensile  Strengtli  and  other  Pro- 
perties  of  various  Kinds  of  Wrought  Irou  and  Steel.  By  David  Kibkaldy.  2d  edition. 
London,  1866. 

37  Erz.    38  Schweissen. 
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The  ultiniato  resistance  of  wrouglit  iron  to  crushiiig*^  Is  frum 
30,000  to  40,000  pounds  per  square  inch,  and  thus  much  less  tlian 
that  of  cast  irou;  but  the  compression  of  wrought  iron  under  the 
same  weiglit  is,  for  a  considerable  ränge,  only  about  half  that  of 
cast  iron. 

The  shcarinr/  strcnpth^^  of  wrought  iron,  or  its  resistance  to 
being  cut  across,  is  about  the  same  as  its  tensile  strength,  and  is 
proportional  to  its  sectional  area.  Experiments  upon  rods  of  "^  inch 
rivet**'  iron  of  excellent  quality  (area,  0.613  square  inch),  gave  for 
Single  shear  (mean  of  four  trials)  24.15*^  tons  per  square  inch  of 
section  as  the  resistance  to  shearing.  The  mean  of  eight  experiments 
with  the  same  rod  in  double  shear  gave  23.3  tons  per  square  inch 
of  section,  the  ultimate  tensile  strength  being  24  tons.  Two  plates 
1  inch  thick  were  riveted  together  by  a  siugie  J  inch  rivet,  whicli 
was  sheared  by  12,267  pounds,  or  20.4  tons  per  inch.  Three  plates 
being  joined  by  a  similar  rivet,  the  latter  was  cut  in  two  places, 
by  the  middle  plate,  by  a  weight  of  26.8  tons,  or  22.3  tons  per 
Square  inch  of  section.* 

Geo.  Vose^^,   Manual  for  Hailroad  Engineers. 
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TIMBER. 

The  best  timber  ^  is  that  which  has  grown  slowly,  upon  a  soil 
rather  dry  than  moist,  and  is  compact  and  heavy,  the  annual  rings " 
being  thin  and  uniform,  showing  a  hard,  clear  surface  when  cut, 
and  not  a  dull  or  clialky  one,  free  from  clefts  ^  or  radial  cracks  *, 
and  from  cup  sliakes  or  cracks  between  the  annual  layers.  Timber 
is  best  when  cut  at  or  near  the  maturity  of  the  tree,  as  a  young 
tree  has  too  much  sap  wood,  and  an  old  one  is  likely  to  get 
hard  and  brittle  at  the  core.  ^  Probably  50  years  is  the  least,  and 
100  years  the  greatest  age  at  which  the  ordinary  kinds  of  wood 
should  be  cut.  The  best  season  for  felling  ^  is  when  the  sap  is 
quiet,  or  in  midsummer  and  midwinter.  Timber  exposed  freely  to 
the  air  in  a  dry  place,  slieltered  from  the  sun  and  rain,  requires 
two  years  and  upwards,  according  to  the  size,  to  become  well  sea- 


*  Clark's  Britannia  aud  Conway  Bridges,  Vol.  I,  pp.  390—392.  Mr.  Kankine  gives 
27,700  pounds  per  square  inch  as  the  resistance  of  cast  iron  to  shearing,  and  50,000  pounds 
as  the  resistance  of  wrought  iron  to  the  same  strain. 

■•''  Xiete.  <i  der  Decimalbruch  24"1.")  wird  gelesen:  twenttj-four  decimal  one  five; 
8.  Teil  I,  Xr.  41,  3  2.     *2  Professor  of  Civil  Engineering  in  Bowdoin  College,  Brunswick,  ilaine. 

1  Bauholz,  Nutzholz.     -  Jahresring.    3  Spalt,  Sprung,  Riss.    ■♦  Riss.    ^  Kern.    6  Fällzeit, 
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soned.  ^  A  small  part,  however,  of  tlie  material  piit  into  our  public 
works  receives  sufficientlj'  careful  treatmentin  this  respect,  and 
lience  the  sliort  life  ^  of  the  majority  of  wooden  structures.  Arti- 
ficial  seasoning  is  effected  by  exposing  the  material,  properly  piled 
in  a  suitable  building,  to  a  current  of  bot  dry  air.  Timber  loses 
in  drying  from  15  to  30  per  cent.  of  its  weiglit,  and  sbrinks  ^, 
across  the  grain  '^'^^  from  2  to  5  per  cent.  Wood  lasts  the  best 
when  kept  dry  and  well  ventilated.  When  kept  constantly  wet  it 
is  somewhat  softened,  and  will  not  resist  so  much,  but  it  does  not 
decay,  Piles^^  placed  in  the  Ehine  nearly  2000  years  ago  have 
been  found  quite  sound  during  the  present  Century,  and  the  roof 
timbers  of  some  of  the  older  Italian  churches  are  still  in  good  con- 
dition.  Many  highway  bridges  in  this  country  are  apparently  un- 
injured  by  from  40  to  50  years  of  use;  and  railway  bridges,  made 
■of  good  material,  and  carefully  protected,  have  been  in  Service  for 
20  years,  and  are  yet  in  good  order. 

Wood  decaj's  fastest  when  alternately  wet  and  dry,  or  when 
subjected  to  a  hot,  moist,  close  atmosphere.  Thorough  seasoning, 
pi'otection  from  the  sun  and  rain,  and  the  free  circulation  of  air, 
are  the  essentials  to  the  jireservation  ^^  of  timber.  Dil  paint  will 
j)rotect  wood  from  moisture  without,  but  unless  it  is  perfectly  dry 
when  painted,  the  moisture  within  will  be  unable  to  escape,  and 
will  cause  decay.  Several  different  methods  of  presei'vation  are 
now  in  use,  consisting  of  an  injection  of  different  chemical  pre- 
parations  into  the  pores.  Chapman's  process  employs  sulphate  of 
iron  (copperas)  ^^;  Kyan's  process,  cori'osive  Sublimate  (bichloride  of 
mercury^^);  Burnett's  process,  chloride  of  zinc;  Boucherie's  method, 
svilphate  of  copper;  and  Mr.  Bethell  saturates  the  timber  with 
creosote.  ^^  In  these  several  Operations  the  air  is  exhausted  from 
the  tank  in  Avhich  the  timber  is  placed ,  the  sap  drawn  out  from 
the  pores,  and  the  Solution  i*'  forced  in. 

The  Woody  fibre  is  seen  by  the  microscope  to  consist  of  long, 
slender  tubes,  upon  the  tenacity  of  which  depends  the  tensile 
strength  of  the  timber.  The  lateral  adhesion,  or  the  strength 
across  the  grain,  depends  upon  the  adhesion  of  the  sides  of  the 
tubes.  The  pines  or  cone-bearing  trees  have  a  straight  and  regulär 
fibre,  and  are  Avell  adopted  to  direct  tensile  strains:  but  the  lateral 
adhesion  is  small,  so  that  they  are  much  more  easily  split  aloug 
the  grain,  and  much  less  suitable  to  resist  shearing  endwise,  or 
ßliding  of  the  fibres  on  each  other,  than  the  hard  woods. 

Geo.  Yose,   Mamial  for  Bailroad  Engineers. 

'  austrockueu.  s  Dauer.  9  schwinden,  lo  Längsfaser,  Faden,  n  Pfahl.  ^-  Cou- 
servirung.  13  schwefelsaures  Eisen ,  Eisenvitriol,  i*  Aetzsubliniat,  Quecksilberchlorid. 
15  creosoting  Kreosotiren,  Ic^ianising  Kyanisiren,  Burnett's  process  Burnett's  Verfahren,  etc. 
18  Lösung. 
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4.    DEFINITIONS  AND  GENEKAL  PlilNClPLES  OF 
MECIIANISM. 

MAC///yh:s  are  bodies,  or  assemblages  of  bodies,  vvhicli  transmit 
and  niüdify  inotion  and  force.  ^  Tlie  word  "machine"*,  in  its  widest 
sense,  may  be  applied  to  every  material  substance  and  sy.stem,  and 
to  the  material  universe  itself;  but  it  is  usually  restricted  to  works 
of  human  art,  and  in  that  restricted  sense  it  is  eniployed  in  this 
treatisc.  A  machiue  transmits  and  modifies  motiou  when  it  is 
the  means  of  making  one  motion  cause  another;  as  when  the 
mechanism  of  a  clock  is  the  means  of  making  the  descent  of  the 
wcight  cause  the  rotation  of  the  liands.  ^  A  machine  transmits 
and  modifies  force  when  it  is  the  means  of  making  a  given  kind 
of  physical  energy  perform  a  given  kind  of  work;  as  when  the 
'furnace,  boiler  ^,  water,  and  mechanism  of  a  steam  engine  are 
the  means  of  making  the  energy  of  the  chemical  combination^  of 
fuel  with  oxygen  perform  the  work  of  overcoming  the  resistance  of 
water  to  the  motion  of  a  ship.  The  acts  of  transmitting  and  mo- 
difying  motion,  and  of  transmitting  and  modifyiug  force,  take  place 
together,  and  are  connected  by  a  certain  law;  and  until  lately,  they 
were  always  considered  together  in  treatises  on  mechanics  ^;  but 
recently  great  advantage  in  point  of  clearness  has  been  gained  by 
first  considering  separately  the  act  of  transmitting  and  modifying 
motion.  The  principles  which  regulate  this  function  of  machines 
constitute  a  branch  of  Cinematlcs  '^',  called  the  theorij  of  pure  me- 
chanism. The  principles  of  the  theory  of  pure  mechanism  having 
been  first  established  and  understood,  those  of  the  theory  of  the 
work  of  machines,  which  regulate  the  act  of  transmitting  and  mo- 
difj'ing  force,  are  much  more  readily  demonstrated  and  appreheuded 
than  when  the  two  departments  of  the  theoi-y  of  machines  are 
mingled.  The  establishment  of  the  theory  of  pure  mechanism 
as  an  independent  subject  has  been  mainly  accomplished  by 
Mr.  Willis. 

The  f/cncral  prolAem  of  the  theory  of  pure  mechanism  may  be 
stated  as  follows:  —  Given  the  mode  of  connection  of  two  or  more 
moveable  points  or  bodies  with  eacli  other,  and  with  certain  fixed 
bodies;  required  the  comparative  motions  of  the  moveable  points  or 
bodies:  —  and  conversely,    when  the  compai'ative  motions  of  two   or 

^  Force  Kraft,  accelerating  (retarding)  force  beschleunigende  (verzögernde)  Kraft,  im- 
pulsive momentan,  eonlini/oiis  dauernd,  point  oj  application  Angriffspunkt,  direction  Rich- 
tung, intensitij  Stärke,  magnitude  Grösse,  Une  of  action  Angriffslinie,  Single  force  Einzelkraft, 
principle  of  t/<e  jiarallelogram  of  forces  Satz  vom  Parallelogramm  der  Kräfte,  resultant  Ke- 
sultante,  component  Componente,  coniposition  (resolutionj  of  forces  Zusammensetzung  (Zer- 
legung) der  Kräfte,  equilibriun,  Gleichgewicht,  couple  Kräftepaar,  centre  of  grarity  Schwer- 
punkt. 2  Zeiger.  3  boiler  Kessel,  furnace  Ofen,  fuel  Brennstoff,  s.  Xr.  if>.  *  chemische 
Verbindung,  s.  Teil  I,  Xr.  16.  5  Mechanik;  über  die  Kamen  der  Wissenschaften  auf  — ics, 
s.  Teil  I,  Nr.  1,    i.     ^  Kinematik,  von  xivicu  bewege. 

*  I'eber  "machinc'  und  "engine''  a.  Anm.  zu  Nr.  30. 
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more  moveable  points  are  given,  to  find  their  proper  mode  of 
connection. 

The  frame  ^  of  a  macliine  is  a  structure  whicli  Supports  the 
moving  pieces,  and  regulates  the  path  or  kind  of  motiou  of  most 
of  them  directly.  In  considering  the  movements  of  machines  mathe- 
matically,  the  frame  is  considered  as  fixed,  and  the  motions  of  the 
moving  pieces  are  referred  to  it. 

The  moving  pieces  may  be  distinguished  into  primär y  and 
seeondari/;  the  former  being  those  which  are  directly  carried  by 
the  frame,  and  the  latter  those  which  are  carried  by  other  moving 
pieces.  Connectors  are  those  secondary  moving  pieces,  such  as  links, 
belts,  cords,  and  chains,  which  transmit  motion  from  one  moving  piece 
to  another,  when  that  transmission  is  not  effected  by  immediate  contact. 

Bearings  ^  are  the  surfaces  of  contact  of  primary  moving  pieces 
with  the  frame,  and  of  secondary  moving  pieces  with  the  pieces 
which  carry  them.  Bearings  guide  the  motions  of  the  pieces  which 
they  Support,  and  their  figures  depend  on  the  nature  of  those  mo- 
tions. The  bearings  of  a  piece  which  has  a  motion  of  translation  ^ 
in  a  straight  line,  must  have  plane  or  cylindrical  surfaces,  exactly 
straight  in  the  direction  of  the  motion.  The  bearings  of  rotating 
pieces  must  have  surfaces  accurately  turned  to  figures  of  revolufion, 
such  as  cylinders,  spheres,  conoids,  and  flat  discs.  The  bearing  of 
a  piece  whose  motion  is  helical,  must  be  an  exact  screw^,  of  a 
pitch  equal  to  that  of  the  helical  motion.  Those  parts  of  moving 
pieces  which  touch  the  bearings,  should  have  surfaces  accu- 
rately fitting  those  of  the  bearings.  They  may  be  distinguished 
into  slides,  for  pieces  which  move  in  a  straight  line,  gzidgeons, 
Journals,  bushes,  and  pivofs  \  for  those  which  rotate,  and  screws  for 
those  which  move  helically.  The  accurate  formation  and  fitting  of 
bearing  surfaces  is  of  primary  importance  to  the  correct  and  effi- 
cient  working  of  machines.  Surfaces  of  revolution  are  the  most 
easy  to  form  accurately,  screws  are  more  difficult,  and  planes  the 
most  difficult  of  all.  The  success  of  Mr.  Whitworth  in  making  true 
planes,  is  regarded  as  one  of  the  greatest  achievements  in  the 
construction  of  machinery. 

The  motions  of  primarg  moving  pieces  are  limited  by  the  fact,  that 
in  Order  that  different  portions  of  a  pair  of  bearing  surfaces  may 
accurately  fit  each  other  during  their  relative  motion,  those  sur- 
faces must  be  either  straight,  circular,  or  helical;  from  which  it 
follows,  that  the  motions  in  question  can  be  of  three  kinds  only, 
viz.:  —  1.  Straight  translation,  or  sJiifting^^,  which  is  necessarily  of 
limited  extent,  and  which,  if  the  motion  of  the  machine  is  of  in- 
definite duration,  must  be  reciprocating^^;  that  is  to  say,  must  take 

'  Rahmen,  Gestell.  «  bearing  Lager,  Journal  Zapfen,  bus?i,  brass  Metallfutter,  pieot 
Zapfen  (einer  stehenden  WeUe).  9  s.  Nr.  5.  lo  geradlinig  fortschreitende  Bewegung. 
11  hin-  und  hergehend. 
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place  alternately  in  opposite  directions.  2.  f^implc  rotation ,  or 
turning  about  a  fixed  axis,  which  motion  may  be  eitber  coutinuous 
or  reciprocatiiig,  bt-iiig  callt-d  in  tbe  latter  case  oscillation.  3.  Helical 
or  scretv-lihc  i)iotion,  to  wbich  tlie  saine  remarks  apply  as  to  straigbt 
translation. 

An  clemcntanj  comhination  in  mechanism  consists  of  a  pair  of 
primary  moving  pieces,  so  connected  tbat  one  transmits  motion  to 
the  otber.  The  piece  whose  motion  is  tbe  cause  is  called  the 
driver;  tbat  whose  motion  is  the  efFect,  tbe  folloiver.  The  con- 
vcction  between  tbe  driver  and  the  tbllower  may  be — 1.  By  rolling 
contact  of  tbeir  surfaces,  as  in  tootJiless  tvhecls.  2.  By  sliding  con- 
tact  of  tbeir  surfaces,  as  in  foothcd  wheels^^,  scrcws,  wedgcs,  cams, 
and  cscapcments.  ^'  3.  By  Lands,  or  ivrapping  connectors,  such  as 
helts,  cords,  and  gearing-chains.  ^*  4.  By  linktvorJc,  such  as  con- 
necting  rods,  universal  joinfs,  and  clicJcs.  5.  By  reduplication  of 
cords,  as  in  the  case  of  ropes  and  ptdleys.  6.  By  an  intervening 
fluid,  transmitting  motion  between  two  pistons.^^ — Tbe  various  cases 
of  tbe  transraission  of  motion  from  a  driver  to  a  foUower  are 
furtber  classified,  according  as  tbe  relation  betweeu  tbeir  directions 
of  motion  is  constant  or  cbaugeable,  and  according  as  the  ratio  of 
their  velocities  is  constant  or  variable. 

In  every  class  of  elementary  combination,  except  tbose  in  whicb 
the  connection  is  made  by  reduplication  of  cords,  or  by  an  inter- 
vening fluid,  there  is  at  eacb  instant  a  certain  straigbt  line,  called 
tbe  line  of  eonnection,  or  line  of  mutual  action  of  tbe  driver  end 
foUower.  In  tbe  case  of  rolling  contact,  tbis  is  any  straigbt  line 
wbatsoever  travei'sing  tbe  point  of  contact  of  tbe  surfaces  of  tbe 
pieces ;  in  tbe  case  of  sliding  contact,  it  is  a  line  perpeudicular  to 
tbose  surfaces  at  tbeir  point  of  contact;  in  tbe  case  of  wrapping 
connectors,  it  is  the  centre  line  of  tbat  part  of  tbe  counector  by 
whose  tension  tbe  motion  is  transmitted;  in  tbe  case  of  liuk-work, 
it  is  tbe  straight  line  passing  tbrougb  the  poiuts  of  attachment  of 
the  link  to  the  driver  and  follower. 

Tbe  line  of  connection  of  tbe  driver  and  follower  at  any  instant 
beiug  kuown ,  tbeir  comparative  velocities  are  determined  by  the 
foUowiug  principle:  —  Tbe  respective  linear  velocities  of  a  point  in 
tbe  driver,  and  a  point  in  tbe  follower,  eacb  situated  anywhere  in 
the  line  of  connection  are  to  eacb  other  inversely  as  tbe  cosines  of 
tbe  respective  angles  made  by  the  paths  of  the  points  with  tbe  line 
of  connection.  This  principle  might  be  otberwise  stated  as  follows : — 
Tbe  components,  along  tbe  line  of  connection,  of  the  velocities  of 
any  two  points  situated  in  tbat  line,  are  equal. 

A   train    of   mechanism    consists    of  a   series   of  moving   pieces, 

1-  s.  Xr.  6.  13  Hemmung,  anchor-escapement  Ankerhemmung  (einer  Uhr),  recoil-escape- 
mfnt  zurückspringende  Hemmung,  repose  or  dead-beat  escapement  ruhende  oder  schleifende 
Hemmung,     i*  s.  Nr.  7.     ^s  Kolben,  b.  Nr.  8. 
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each  of  which    is    follower  to    that  wliich    drives   it,    and  driver   ta 
that  which  follows   it. 

Aggregate   comhinations   in  mechanism  are   those  by  which  Com- 
pound motions  are  given  to  secondary  pieces. 

Kaxkine,  Applied  Mechanics. 


5.  SCREWS. 


A  scREW^  is  a  cylinder  sun'ounded  by  a  spiral  ridge  or  groove, 
every  part  of  which  forms  an  equal  angle  with  the  axis  of  the 
cylinder,  so  that  if  developed  on  a  plane  surface  it  would  be  an 
inclined  plane.  It  is  considered  as  one  of  the  six  mechanical 
powers.  ^ 

A  careful  examination  in  Lepsius,  Champollion,  Wilkinson,  and 
other  authorities,  followed  by  a  critical  search  among  Egyptian  an- 
tiquities  in  museums,  has  failed  to  reveal  any  screw  in  ancient 
Egypt.  Screw-presses  2  for  clothes,  wine,  and  oil  were  known  to 
the  Romans  of  the  Empire.  A  clothes-press  was  represented  in  a 
mural  painting  of  the  Chalcidium  of  Eumachia,  at  Pompeii;  it  has 
two  upright  screws  with  levers.  ^  The  Archimedean  water-elevator  * 
is  mentioned  by  Diodorus  Siculus  ^,  Strabo  ^,  and  Vitruvius.  ^  The 
helix  ^  of  the  Greeks  was  a  spiral  for  drawing  ships  on  shore  or 
launching  them;  apparently  a  screw,   and  ascribed  to  Archimedes. 

The  differentiol  screw  ^  was  invented  by  John  Hunter,  the  cele- 
brated  surgeon.  It  is  a  combination  of  screws,  so  arranged  that 
the  motion  of  the  object  to  which  the  device  is  applied  is  equal  to 
the  difference  between  the  pitches  ^^  of  the  screws. 

The  endless  or  perpetual  scretv  ^  ^  is  a  screw  without  longitudinal 
motion,    acting  lipon  the  cogs  ^^  of  a  wheel. 

Convex  and  concave  screws  are  distinguished  technically  by  the 
respective  names   of  male   and  fcmale^^;    a  short  concave  screw  is 

1  Mechanical  powers  mechanische  Potenzen,  einfache  Maschinen:  lever  Hebel,  inclined 
plane  schiefe  Ebene,  screw  Schraube,  wedge  Keil,  pulleij  Rolle;  wheel  and  axle  oder  axle  in 
peritrochio  Rad  an  der  Welle,  s.  Nr.  6  ii.  7.  2  Schraubenpresse.  3  straight  lever  gerader 
Hebel,  bent  lever  Wiukelhebel,  fulcrum  oder  prop  Stützpunkt,  Drehpunkt,  power  Kraft, 
weight  or  resistance  Last,  arm  Arm,  s.  Technical  Vocabulary .  eh.  4.  *  Wasserhebemaschine, 
Archimedean  screw  Archimedische  Schraube,  water-screw  Wasserschraube,  s.  Techn.  Voc, 
eh.  49.  Archimedes,  der  griechische  Mathematiker  in  Syrakus,  212  v.  Chr.  bei  Eroberung 
der  Stadt  durch  die  Kömer  erschlagen.  5  griechischer  Geschichtschreiber  aus  Sicilien, 
schrieb  zur  Zeit  des  Augustus  eine  Universalgeschichte  in  40  Büchern  mit  dem  Titel 
ßtßXio&TixT)  laTopixr,.  6  Geograph  im  1.  Jahrhundert  n.  Clir.,  Verfasser  der  Ysujvpacix». 
7  Verfasser  des  Werkes  "De  architectura",  lebte  zur  Zeit  Cäsar's  und  Augustus'.  s  Schrau- 
be(nlinie),  Spirale.  9  Differentialschraube,  lo  pUch  Steigung,  Ganghöhe.  "  Schraube 
ohne  Ende.  12  Kamm.  13  male  (oder  external)  screw  Spindel,  female  (oder  internal)  screti\ 
nut  Schraubenmutter. 

*  S.  Technical  Vocabulary,    eh.  47. 
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callod  a  mit;  aiul  wlicn  a  screiv  is  spoken  of  witliout  qualification, 
a  convex  screw  is  usually  u   •  erstood. 

The  parts  of  a  8<;rew  are  tlie  hcad^*,  barnl,  ur  stcm,  thrcad^^, 
and  point.     The  liead  lias  a  slit,  nicJc^'',  ov  Square. 

The  threads  are  convex  or  extcrnal,  concave  or  internal. 

In  mimbcr  they  vary,  as  singlQ,  double,  trijde;  the  number 
representing  the  individual  threads,  and  those  above  single  being 
known  as  multiplex -thread.'^'' 

In  pitch;   as  coarse,  fine. 

In  shape;   as  square^^,  anffular^-\  round. 

In  material;   as  wooden,  iron,  brass,  &c. 

In  direction;   as  Icft  hand(ed)'^^,  right  hand(cd).'^^ 

In  purpose;  as  binding^'^,  set,  wood,  adjusting'^'^,  attachment '^"^j 
regnlating'^^,  feed,  micrometer,  propcller,  water  (Archimedean),  end- 
less,  differential. 

Known  by  attachments;   as  tvinged  or  thumb  screw.  ^^ 

Screws  are  cast,  turncd,  chased,  stcaged,  spun,  as  may  suit  the 
purpose  or  material. 

The  Word  also  gives  names  to  devices  or  machiues;  as  screw- 
boU^^,  sereic-jaclc^*\  screw-plug^'',  screw-press^^^  screiv-p)ropellcr^^^ 
screu'-tap'^'\  &c. 

Machines  in  a  watch-factory  will  cut  500  threads  to  the  inch; 
the  finest  used  in  the  watch  have  250.  These  threads  are  invisible 
to  the  naked  eye,  and  it  takes  144,000  of  the  screws  to  weigh  a 
pound.  A  pound  of  them  is  worth  six  pounds  of  pure  gold.  Lay 
one  of  them  upon  a  piece  of  white  paper,  and  it  looks  like  a  tiny 
steel  filing.  Knight's  Meclianical  Dictionarg. 


6.    TOOTHED  WHEELS.* 

The  most  usual  uiethod  of  communicating  motion  between  a 
pair  of  wheels  ^,  or  a  wheel  and  a  rack  ^,  and  the  only  method 
which,  by  preventiug  the  possibility  of  the  rotation  of  oue  wheel 
unless  accompanied  by  the  other,  insures  the  preservation  of  a 
given  velocity-ratio '^  exactly,  is  by  means  of  projections  called  iecth.^ 

The  pitch  surface  ^  of  a  wheel  is  an  ideal  smooth  surface,  inter- 

!•*  sscreio-head  Schraubenkopf,  is  Gewinde.  ^6  Einstrich,  i"  vielfaches  Gewinde. 
18  flachgängig,  i"  scharfgängig.  2o  linksgängig.  21  rechtsgängig.  22  Klemmschraube. 
23  Stellschraube.  24  Flügelschraube.  25  Schraubenbolzen.  26  Schraubenwinde.  27  Schrau- 
benpfropfen. 28  Schiffsschraube.  29  Mutter-  oder  Gewindbohrer,  tap-wrenc/i  Wendeisen, 
scretc-plate  Schneideisen,  stock  and  die  Schraubenkluppe,  screw-cuttinff  Schraubenschneiden. 

1  Toothfd  wheel  Zahnrad.  -  Zahnstange.  3  velocily,  speed  Geschwindigkeit,  uniform 
(variable)  telocitij  gleichförmige  (ungleichförmige)  Geschwindigkeit,  mean  velocitij  mittlere 
(reschwindigkeit,  initial  Ct'"<'0  telocitij  Anfangs-  (End-)  Geschwindigkeit,  angular  velocitij 
Winkelgeschwindigkeit.    *  Zahn. 

*  S.  Technical  Vocabulary,   oh.  48, 
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mediate  between  tlie  crests  of  the  teeth  and  tlie  bottoms  of  the 
Spaces^  between  tbem,  wliich,  by  rolling  contact  with  the  pitcb 
surface  of  another  wheel,  would  communicate  the  same  velocity- 
ratio  that  the  teeth  communicate  bj-  their  sliding  contact.  In 
designing  wheels,  the  forms  of  the  ideal  pitch  surfaces  are  first 
determined,  and  from  them  are  deduced  the  forms  of  the  teeth. 

Wheels  with  cylindrical  pitch  surfaces  are  called  spwr  %olieels^\ 
those  with  conical  pitch  surfaces,  hevel  wheels  ^\  and  those  with 
hyperboloidal  pitch  surfaces,  sJceic-bevel  wlieels.  ^ 

The  ])itcli  line  of  a  wheel,  or,  in  circular  wheels,  the  pitch 
circle  ^,  is  a  transverse  section  ^  of  the  pitch  surface  made  by  a 
surface  pex'pendicular  to  it  and  to  the  axis;  that  is,  in  spur  wheels, 
by  a  plane  pei'pendicular  to  the  axis;  in  bevel  wheels,  by  a  sphere^*^ 
described  about  the  apex^^  of  the  conical  pitch  surface;  and  in 
skew-bevel  wheels,  by  anj-  oblate  ^^  spheroid  generated  by  the  rotation 
of  an  ellipse  whose  foci  are  the  same  with  those  of  the  hj-per- 
bola  that  generates  the  pitch  surface. 

The  pitch  point  of  a  pair  of  wheels  is  the  point  of  contact  of 
their  pitch  lines,  that  is,  the  transverse  section  of  the  line  of  con- 
tact of  the  pitch  surfaces. 

Similar  terms  are  applied  to  racks. 

That  part  of  the  acting  surface  of  a  tooth  which  projects  beyond 
the  pitch  surface  is  called  the  face;  that  which  lies  within  the  pitch 
surface,  the  flanTc. 

The  radius  of  the  pitch  circle  of  a  circular  wheel  is  called  the 
geometrical  radius;  that  of  a  circle  touching  the  crests  of  the  teeth 
is  called  the  real  radius;  and  the  difference  between  those  radii, 
the  addendum. 

The  distance,  measured  along  the  pitch  line,  from  the  face  of 
one  tooth  to  the  face  of  the  next,  is  called  the  pitch.  ^  In  wheels 
which  rotate  continuously  for  one  revolution  or  more,  it  is  ob- 
viously  necessary  that  the  pitch  should  be  an  aliquot  part  of  the 
circumference.  ^^  In  wheels  which  reciprocate  without  performing 
a  oomplete  revolution,  this  condition  is  not  necessary;  such  wheels 
are  called  sectors.  ^*  In  any  pair  of  circular  wheels  which  work 
together,  the  ntimbers  of  teeth  in  a  complete  circumference  are 
directly  as  the  radii,  and  inversely  as  ^^  the  angular  velocities.^ 
The  following  are  the  least  numbers  of  teeth  which  can  be  usually 
employed  in  ^j/w/ohs^''  (that  is,  small  wheels)  having  teeth  of  the 
three  classes  of  figures  named  below: — involute  ^"  teeth,  25;  epi- 
cycloidaP^  teeth,  12;    cylindrical  teeth,  or  staves^^,  6. 

5  pitc/i  Zahnteilung,  pitch  line  oder  pitch  circ?«  Teilkreis ;  space  Zahnlücke.  8  Stirnrad. 
7  konisches  Kad,  Winkelrad.  8  Hyperboloidenrad.  9  Querschnitt.  J»  Kugel.  "  Spitze. 
12  Oblate  (Geom.)  =  flattened  or  depressed  at  the  poles.  Websteb.  13  Umfang,  Peripherie. 
1*  Zahnsector.  15  to  be  inversely  as  sich  umgekehrt  verhalten  wie.  16  Getriebe;  leaf 
Triebstock,  rack  and  pinion  Zahnstange  und  Getriebe.  i"  Erolvente.  18  elonyated 
(contracted)  epicycloid  verlängertes  (verkürztes)  Epicycloid.  i^  tcallower  oder  lantern 
Drehling,  Stockgetriebe,  spindle  Triebstock. 
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A  train  of  whcelworl<'^  cousists  of  a  series  of  axes,  each  liaving 
upon  it  two  wheels,  one  of  wliich  is  driven  by  a  wlieeP'  on  tlie 
preeediug  axis,  while  the  otlier  drivcs  a  wheel  on  the  following 
axis.  If  tlie  wheels  are  all  iu  outside  gearing^^j  the  direction  of 
rotation  of  each  axis  is  coutrary  to  that  of  the  adjoiniiig  axes.  In 
some  cases,  a  single  wheel  upou  one  axis  answers  the  purpose  both 
of  receiving  niotion  from  a  wheel  on  the  preeediug  axis  and  giving 
motion  to  a  wheel  on  the  following  axis.  Such  a  wheel  is  called 
an  idlc  wheel ''';  it  aftects  the  direction  of  rotation  only,  and  not 
the  velocity- ratio. 

The  arc  of  contact  on  the  pitch  lines  is  the  length  of  that 
portion  of  the  pitch  lines  which  passes  the  pitch  point  during  the 
action  of  one  pair  of  teeth ;  and  in  order  that  two  pairs  of  teeth 
at  the  least  may  be  in  action  at  each  instant,  its  length  should  be 
at  least  double  of  the  pitch.  It  is  divided  into  two  parts,  the  arc 
of  approach,  and  the  arc  of  rccess.  The  length  of  a  tooth  may  be 
divided  into  two  parts,  that  of  the  face  and  that  of  the  flanh. 

Toothed  wheels  being  in  general  intended  to  rotate  either  way, 
the  haclis  of  the  teeth  are  made  similar  to  the  fronts.  The  space 
between  two  teeth,  measured  on  the  pitch  circle,  is  made  about 
one-fifth  part  wider  than  the  thickness  of  the  tooth  on  the  pitch 
circle;  that  is  to  say,  thickness  of  tooth  =  -f^  pitch;  width  of 
Space  =  -^j  pitch.  The  difference  of  -Jj-  of  the  pitch  is  called  the 
hack  lasli.  '^^  The  clearance  allowed  between  the  points  of  teeth 
and  the  bottom  of  the  spaces  between  the  teeth  of  the  other  wheel, 
is  about  one-teuth  of  the  pitch. 

A  cam  or  uijjcr-'^  is  a  single  tooth,  either  rotating  continuously 
or  oscillating,  and  driving  a  sliding  or  turning  piece,  either  con- 
stautly  or  at  intervals. 

Rankine,   Applied  Mechanics. 


7.    BANDS.    TACKLES.    LINKWORK.* 

Bands.  —  Bands,  or  wrapping  connectors,  for  comraunicating 
motion  between  pulleys  ^  or  drums  -  rotating  about  fixed  axes,  or 
between  rotating  puUeys  and  drums  and  shifting  pieces,  may  be 
thus  classed :  — 

-^  Zahuriiderwerk,  Triebwerk,  -i  drivinrj  wheel  Treibrad.  --  gear(ing)  Ineinander- 
greifen, Verzahnung,  inside  (oder  intemally)  toothed  wheel  Zahnrad  mit  innerer  Verzahnung, 
to  throw  into  (out  of)  gear  in  (ausser)  Getrieb  bringen.  23  Zwischenrad.  24  Spielraum. 
25  Daumen. 

1  Pulley  Eolle,  (machine-)  piilley  Riemscheibe,  fast  (loose)  pulley  feste  Gose)  Bolle,  cone 
pulley,  speed  pulley  Stufenscheibe.    2  Trommel. 

*  S.  Technical  Vocabulary^   eh.  47. 
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1.  Belts^t  wliicli  are  made  of  leatlier  or  of  gutta  percba*,  are 
flat  and  thin,  and  require  nearly  cylindrical  pulleys.  A  belt  tends 
to  niove  towards  that  part  of  a  pulley  wliose  radius  is  greatest; 
pulleys  for  belts,  therefore,  are  sliglitly  swelled  in  the  middle,  in 
Order  tliat  the  belt  may  remain  on  the  pulley  unless  forcibly  shifted. 
A  belt  when  in  motioh  is  shifted  off  a  pulley,  or  from  one  pulley 
on  to  another  of  equal  size  alongside  of  it,  by  pressing  against 
that  part  of  the  belt  which  is  moving  toivards   the  pulley. 

2.  Cords  ^,  made  of  catgut,  hempen  or  other  fibres,  or  wire, 
are  nearly  cylindrical  in  section,  and  require  either  drums  with 
ledges,  or  grooved  pulleys. '' 

3.  Chains^,  which  are  composed  of  links  or  bars  jointed  together, 
require  pulleys  or  drums,  grooved,  notched,  and  toothed,  so  as  to 
fit  the  links  of  the  chains. 

Bands  for  communicating  continuous  motion   are  endless. 

Circular  pulleys  and  drums  are  used  to  communicate  a  con- 
stant  velocity- ratio.  A  crossed  belt^  connecting  a  pair  of  circular 
pulleys  reverses  the  direction  of  rotation;  an  oj^en  belt  preserves 
that  direction. 

Speed -cones'^  are  a  contx'ivance  for  varying  and  adjusting  the 
velocity- ratio  communicated  between  a  pair  of  parallel  shafts  ^  by 
means  of  a  belt,  and  may  be  either  continuovis  cones  or  conoids, 
whose  velocity-ratio  can  be  varied  gradually  while  they  are  in  mo- 
tion by  shifting  the  belt;  or  sets  of  pulleys  whose  radii  ^  vary  by 
Steps,  in  which  case  the  velocity-ratio  can  be  changed  by  shifting 
the  belt  from  one  pair  of  pulleys  to  another. 

TacMes.  ^'^ — The  combinations  of  pieces  connected  by  the  several 
plies  of  a  cord  or  rope  consists  of  a  pair  of  cases  or  frames  called 
blocJcs^^i  each  containiug  one  or  more  pulleys  called  sheaves.^^  One 
of  the  blocks,  called  the  fall-hlocJc,  is  fixed;  the  other,  or  running- 
blocTc ,  is  moveable  to  or  from  the  fall-block,  with  which  it  is  con- 
nected by  means  of  a  rope,  of  which  one  end  is  attached  either  to 
the  fall-block  or  to  the  running-block,  while  the  other  end,  called 
the  fall  or  tacl'le-faU,  is  free;  while  the  intermediate  portion  of 
the  rope  passes  alternately  round  the  pulleys  in  the  fall-block 
and  running-block.  The  whole  combination  is  called  a  taclde  or 
purchase. 

LinJcworJc.  —  The  pieces  which  are  connected  by  linkwork,  if 
they  rotate  or  oscillate,  are  usually  called  cranJcs^^,  beams^^,  and 
levers.^^  The  linJc^^  by  which  they  are  connected  is  a  rigid  bar, 
which  may  be    straight   or   of  any  other  figure;    the  straight  figure 

3  belt  Eienieu,  endless  belt  Kiemen  ohne  Ende,  crossed  belt  gekreuzter  Eiemen,  leading 
side  ziehendes  Eiemenende,  following  side  gezogenes  Eiemenende,  giiide  pulley  Leitrolle. 
4  Guttapercha,  s.  Teil  I.  Nr.  13,  i<i.  5  Seil.  6  groove  Spur,  Einne.  '  Kette;  link  Glied, 
Gelenk,  s  Welle.  »  s.  Teil  I,  Nr.  1,  2.  lo  Flaschenzug.  n  Block,  Flasche,  Gehäuse. 
12  Scheihe.  13  Kurbel;  cranl-pin  Kurbelwarze,  Kurbelzapfen,  cranked  a.rle  Kurbelaxe,  ge- 
kröpfte Axe,  crank-arm  Kurbelarni.  i*  beavi  Balken,  Wagehaiken,  Weberbaum,  Balancier 
(der  Dampfmaschine).     13   g.  Xr.  .S,    3.      16  Gelenk,  Verbindungsstange. 
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being  the  most  lavuiirablc  to  strength,  is  uscd  whero  tliero  is  iio 
special  reason  tu  the  contrary.  The  link  is  known  by  various 
nanies  under  various  circuinstances,  such  as  coupUng  rod^^,  con- 
iicctinf/  rofP**,  nauk  rod  ^•\  cccentric  rod^^,  &c.  It  is  attached  to 
the  pioces  wliirh  it  coiinocts  by  two  piiis,  about  which  it  is  free 
to  turn.  The  effect  of  tlie  link  is  to  maintain  the  distance  between 
the  centres  of  those  pins  invai'iable;  hence  the  line  joining  the 
centres  of  the  pins  is  the  line  of  connccfion;  and  those  centres  may 
be  called  the  connected  points.  In  a  turning  piece,  the  perpen- 
dicular  let  fall^i  from  its  connected  point  upon  its  axis  of  rotation 
is  the  arm  or  cranlc  arm. 

An  ccceiitric^^  being  a  circular  disc -^  keyed-^  on  a  shaft,  with 
whose  axis  its  centre  does  not  coincide^'*,  and  used  to  give  a 
reciprocating^''  niotion  to  a  rod,  is  equivalent  to  a  crank  whose 
connected  point  is  the  centre  of  the  eccentric  disc,  and  whose  crank 
arm  is  the  distance  of  that  point  from  the  axis  of  the  shaft,  called 
the  eccentricity.  An  eccentric  may  be  made  capable  of  having  its 
eccentricity  altered  by  raeans  of  an  adjusting  screw,  so  as  to  vary 
the  extent  of  the  reciprocating  molion  which  it  communicates,  and 
which  is  called  the  throiv,  or  travel,  or  lenfffh  of  stroJce.  '^^ 

Hooke's  nnicersal  Joint -'^  is  a  contrivance  for  coupling  shafts 
whose  axes  intersect  each  other^^  in  a  point. 

A  dick,  being  a  reciprocating  bar,  acting  upon  a  ratchet 
wheeP®  or  rack''^'-',  which  it  pushes  or  pulls  through  a  certain  arc 
at  each  forward  stroke,  and  leaves  at  rest  at  each  backward  stroke, 
is  an  example  of  intermittent  linkwork.  During  the  forward  stroke, 
the  action  of  the  click  is  governed  by  the  principles  of  linkwork; 
during  the  backward  stroke,  that  action  ceases.  A  catch  or  j;aZ^  ^'^^ 
turning  on  a  iixed  axis,  prevents  the  ratchet  wheel  or  rack  from 
revei'sing  its  motion, 

Raxkine,    Applied  MecJianics. 
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Pumps  are  maohines  for  raising  water  and  other  fluids  to  a 
higher  level.  They  are  divided  according  to  their  mode  of  action. 
Of  these,    as   the  most   important,    we    shall  describe    in  detail   the 

1'  Kiippeluugsstauge,  to  couple  verkuppeln,  's  Lenkstange,  Pleuelstange,  i"  Kurbel- 
stauge.  ■-"  eccentric  Excentrik,  Exceuter,  eccentricity  Excentricität,  eccentric  rod  Excenter- 
stange,  eccentric  strap  Excentem'ng.  throic  of  eccentric  Excentrikweg.  2'  die  .  .  .  gefäUte 
Senkrechte.  22  Scheibe.  -3  aufkeilen,  -i  zusammenfallen.  -'^  hin-  und  hergehend. 
26  Universalgelenk.  27  einander  schneiden.  28  Sperrrad.  29  Zahnstange,  Nr.  6,  l'j. 
30  Sperrkegel,    Sperrklinke. 

*  S.  Technical  Yocalularij,  eh.  V2  u.  49. 
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foliowing:  1.  The  lift  or  suction  pump;  2.  tlie  lift  and  force  pump; 
3.  the  chain-pump;    4.  the  ceutrifugal  pump;    5.  the  jet-pump. 

1.  The  Lift  or  Suction  Piim}).^  —  In  the  ordinary  suction  pump 
there  is  a  cylinder  called  the  barrel^:  with  it  is  connected  at  the 
bottom  a  pipe  ^  which  communicates  with  the  water  to  be  raised, 
and  at  its  top  is  another  pipe  which  receives  the  watei'  raised.  In 
the  barrel  are  placed  two  valves.  ^  One  is  fixed  in  position  at  the 
bottom  of  the  barrel,  the  other  is  attached  to,  and  forms  part  of, 
the  piston  '^  which  moves  up  and  down  the  barrel  when  motive 
power  is  applied  to  the  piston-rod.^  The  piston,  or  bücket,  con- 
sists  of  a  cylindrical  piece  of  wood  or  metal,  which  fits  exactly  the 
barrel  in  which  it  moves,  so  that  no  water  or  air  can  pass  betweeu 
its  circuniference  and  the  sides  of  the  cylinder.  This  tight  fitting 
is  attained  in  wooden  pistons  by  surrounding  them  with  a  leather 
ring;  and  in  those  of  metal,  by  hemp  or  Jöi\iQV  pacTiing  ' ,  which  is 
wrapped  round  a  groove  made  in  their  outer  surface.  The  hollow 
inferior  of  the  piston  is  closed  at  the  top  by  a  valve  which  is  a 
kind  of  door  opening  on  a  hinge  ^,  at  one  side  of  it,  in  an  upward 
direction,  on  the  application  of  pressure,  and  shuttiug  on  to  its 
seat  ^  on  the  piston  when  the  pressure  is  removed.  When  opened, 
water  or  air  can  pass  through  it  to  the  upper  side  of  the  piston, 
but  when  shut,  none  can  pass  fi'om  one  side  of  the  piston  to  the 
other.  The  other  valve  is  similar  in  all  respects,  except  that,  as 
before  stated,  it  is  fixed  in  bottom  of  the  bari'el;  it  also  can  only 
open  upwards. 

To  describe  the  action  of  the  pump,  we  shall  suppose  the  piston 
to  be  at  the  bottom  of  the  barrel,  and  the  pump  to  contain  nothing 
but  air.  On  moving  the  piston  up  the  barrel — the  valve  in  it  beiug 
shut,  and  kept  so  by  the  atmospheric  pressure  ^"^  above  it  —  no 
air  can  pass  from  above  it  into  the  part  of  the  barrel  from  which 
it  is  moving:  the  air  contained  in  which  becoming  rarefied  by 
having  to  occupy  a  greater  space,  exerts  less  pressure  on  the  valve 
at  the  bottom  of  the  barrel  than  the  air  in  the  suction-pipe^'^  be- 
low  it.  This  valve  is  thus  opened,  and  the  air  from  the  suction- 
pipe  enters  the  barrel;  so  that  when  the  piston  has  arrived  at 
the  top ,  a  volume  of  air  equal  to  the  contents  of  the  barrel  has 
passed  from  the  suction-pipe  into  the  barrel.  When  the  piston 
descends,  it  compresses  ^■-  the  air  in  the  barrel,  which  shuts  the 
valve;  and  when  the  density  of  the  compressed  air  becomes  greater 
than  that  of  the  atmosphere,  the  valve  in  the  piston  is  forced  open, 
and   the    air   in   the   barrel  passes  to    the  upper  side  of  the  piston. 

1  Hub-  oder  Saugpumpe.  -  Pumpenstiefel.  3  Kohr.  *  Ventil;  clacJc  ralre  Klappen- 
ventil, conical  valve  Kegelveutil,  ball  clack  Kugelventil,  double  seat  valve  Doppelsitzventil, 
suction  valve  Säugventil  u.  s.  w.,  s.  Nr.  28.  5  Kolben.  6  Kolbenstange.  ~  Liderung; 
hemp-packed  piston  Kolben  mit  Hanflideruug,  to  wrap  with  tow  mit  Werg  umwickein. 
8  Scharnier.  9  Sitz,  i"  Luftdruck,  n  Saugrohr.  '2  to  compress  air  Luft  comprimiren, 
to  rarify  verdünnen,  to  ex/iaust  of  air  luftleer  machen,  vacuuvi  luftleerer  Baum. 
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The  next  upicard  stroJce^^  of  tlie  piston  again  draws  a  like  quan- 
tity  of  air  iVom  the  suction-pipe  into  the  barrel;  and,  as  none  of 
tliis  air  enters  the  pipe  again,  but  is  passed  to  tlie  upper  side  of 
the  piston  by  its  downward  stroke,  the  suction-pipe  is  by  degrees 
eniptied  of  the  air  it  contained.  During  tliis  process,  however, 
motion  has  taken  place  in  the  water  at  the  foot  of  the  suction- 
pipe.  The  surface  of  the  water  is  pressed  lipon  by  the  weight  of 
the  atmosphere  with  a  pressure  of  about  15  Ibs.  on  every  Square 
inch;  and  by  the  laws  of  fiuid-pressure,  if  an  equal  pi-essure  is  not 
exerted  on  the  surface  of  the  water  in  the  suction-pipe,  the  water 
will  rise  in  it,  until  the  pressure  on  its  surface,  plus  the  weight  of  its 
fluid  cohunn,  balances  ^*  the  pressure  of  tlie  atmosphere  on  the  sur- 
face outside;  so  tliat,  as  the  air  in  the  suction-pipe  is  rarefied  ^^^ 
the  water  rises  in  it,  until,  when  all  the  air  is  extracted  from  it, 
the  water  Stands  at  the  level  of  the  valve  at  the  bottom  of  the 
barrel.  By  the  next  upward  stroke  of  the  piston,  the  barrel  being 
emptied  of  air,  the  water  follows  the  piston,  and  fills  the  barrel, 
as  it  filled  tl>e  suction-pipe.  The  pressure  produced  by  the  down- 
ward stroke  shuts  the  valve  at  the  bottom  and  forces  the  watev  in 
the  barrel  througli  the  valve  of  the  cylinder.  The  succeeding  up- 
ward stroke  carries  this  water  into  the  pipe  above,  and  again  fills 
the  barrel  from  the  suction-pipe.  In  like  manner,  every  successive 
upward  stroke  discliarges  a  body  of  water  equal  to  the  content  of 
the  barrel  into  the  pipe  above  it,  and  the  pump  will  draw  water 
as  long  as  the  action  of  the  piston  is  continued. 

The  action  of  this  pump  may  be  more  shortly  described  by 
sayiug  tliat  the  piston  withdraws  the  air  from  the  bai'rel,  and  pro- 
duces  a  vacuum,  into  which  the  water  rushes  through  the  suction- 
pipe,  impelled  by  the  pressure  of  the  atmosphere  on  its  surface. 
Tliis  atmospheric  pressure  balances  a  column  of  water  of  about 
33  feet  in  height;  so  that  if  the  barrel  be  placed  at  a  greater 
heiglit  tlian  this  from  the  surface  of  the  water  in  the  well,  the 
water  will  not  rise  into  it,  and  the  pump  will  not  draw. 

With  regard  to  its  efficiency^^ — that  is  to  say,  the  relation 
between  the  power  expended  and  the  work  produced,  as  measured 
by  the  water  raised  —  we  may  remark  that  the  power  is  spent  — 
Ist,  in  raising  the  water  through  the  required  height;  2d,  in  over- 
coming  the  friction^^  of  the  nioving  parts  of  the  pump;  3d,  in  the 
friction  and  fluid  resistance*^  of  the  water  in  passing  through  the 
valves  and  pipes;  4th,  in  the  losses  arising  from  the  want  of  proper 
Proportion    between    the  various    parts    of   the   pump.      The   losses 

13  stroke  Kolbenhub,  lenglti  of  stroke  Hublänge,  up-  (down-)  stroke  Aufgang  (Niederr 
gang)  des  Kolbens,  i*  das  Gleichgewicht  halten.  15  power  Kraft,  work  Arbeit,  s.  Nr.  1,  3  2 
u.  Teil  I,  Xr.  8;  efftciency  GüteverhältnisB,  Wirkungsgrad.  lO  Reibung;  friction  of  rest 
(motion)  Reibung  der  Ruhe  (der  Bewegung),  sUding  (roUing)  friction  gleitende  (rollende) 
Reibung,  angle  of  repose  Ruhewinkel,  coefficient  of  friction  Reibungscoefficient.  i'  useful 
(prejudiciat)  resistance  nützlicher  (schädlicher)  Widerstand ,  moment  of  resistance  Wider- 
standsmoment. 


22  8.     PUMPS. 

arisiug  from  tiiese  last  sources  are  very  gi'eat,  aud  we  may  say 
that  a  pump  of  tliis  description,  to  yield  50  per  cent.  of  the 
applied  power,  must  be  well  proportioned  and  carefully  constructed. 

2.  The  Lift  and  Force  Fump.^^  —  Tbe  ordinary  form  of  tbis 
pump  is  very  similar  to  tbe  suction-pump  before  described,  witb 
tbis  exception,  tbat  one  valve,  instead  of  being  fixed  on  tbe  piston, 
is  placed  in  tbe  discliarge-pipe^'^^  tbe  piston  itself  being  solid,  Tbe 
water  is  drawn  up  into  tbe  barrel  by  suctiou  in  tbe  manner  just 
described  in  the  suction-pipe,  and  tben  tbe  pressure  of  tbe  piston 
in  its  downward-stroke  forces  it  tbrougb  tbe  valve  to  any  beigbt 
tbat  may  be  required.  Anotber  variety  is  provided  witb  a  different 
description  of  piston,  called  tbe  plunger-pole.  ^^  Its  action  is  pre- 
cisely  tbe  same  as  tbat  of  tbe  otber,  witb  tbe  exception,  tbat  tbe 
plunger-pole,  instead  of  emptying  tbe  barrel  at  every  stroke,  merely 
drives  out  tbat  quantity  wbich  it  displaces  by  its  volume.  It  is 
simply  a  solid  rod  of  metal,  mpving  tbrougb  a  water-tigbt  ^ '^  stuffinff- 
hox.-'-^  Tbis  stuffing-box  is  made  by  placing,  on  a  circular  flange 
of  metal,  rings  of  india-rubber  or  otber  packing,  tbe  inner  dia- 
meter  of  wbicb  is  sligbtly  less  tban  tbat  of  tbe  plunger-pole. 
On  tbese  is  placed  a  ring  of  metal,  and  tbrougb  tbe  whole  are 
passed  bolts-^,  wbicb,  on  being  screwed  tigbt -^,  force  tbe  packing 
tigbtly  against  tbe  plunger-pole.  It  possesses  many  advantages,  for 
tbe  packing  can  be  tigbtened  and  repaired  without  removal  of  tbe 
piston  or  stoppage  of  tbe  pump;  also,  tbe  cylinder  is  not  wem  by 
its  action,  nor  does  it  require  to  be  accurately  bored  out,  as  in 
tbe  otber  form  of  pump. 

In  tbese  pumps,  it  will  be  observed  tbat  tbe  water  is  foreed 
into  tbe  ascending  pipe^^  or  column  only  on  tbe  forward  stroke; 
it  will  tbus  be  discbarged  in  a  series  of  rusbes  or  jerks.  As  it  is 
a  great  object  to  procure  a  continuous  discbarge^^,  both  for  its 
convenience,  and  for  the  saving  of  tbe  power  wasted  by  tbe  con- 
tinual  acceleration-*^  and  retardation-^  of  tbe  ascending  column, 
various  metbods  bave  been  used  for  tbat  purpose.  Tbe  most  com- 
mon is  tbe  reservoir  of  ab-,  wbicb  is  an  air-tigbt  receptacle  "-'^  fixed 
vertically  on  tbe  discbarge-pipe;  tbe  water  foreed  into  the  pipe  by 
tbe  down-stroke  compresses  tbis  air,  wbich,  acting  as  spring,  retui-ns 
tbis  force  to  tbe  ascending  column  during  the  period  of  tbe  up- 
stroke^^,  and  so,  by  taking  tbe  blow  of  the  entering  water,  and 
returning  it  gradually,  equalises  tbe  pressure,  and  renders  the 
discbarge  uniform.  Anotber  method  is  tbe  double-action  force-pump, 
by  wbicb  equal  volumes  of  water  are  foi'ced  into  the  ascending 
column    by  botb   up    and    down   strokes.     A  pump  exhibited  in  tbe 

18  Driickpumpe.  19  Druckrolir  oder  Steigrohr.  2u  Plunger-,  Möuchs-,  Taiicherkolbea. 
21  ■n-asserdicht ;  air-tight  luftdicht.  22  Stopfbüchse.  -3  Bolzen.  24  fest  anschrauben. 
23  Ausfliiss,  Ausflussmenge;  actual  (theoretical)  discharge  oder  amount  wirkliche  (theoretische) 
Ausflussmenge,  coefficient  of  diicharge  Ausflusscoefficient,  ßuid  rein  Flüssigkeitsstrahl. 
26  Beschleunigung.'   2"  Verzögerung.     28  Behälter. 
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Interuational  Exhibition  of  18G2,  by  Mssrs.  Faicot  and  Sons,  attains 
this  object  iu  a  iiuuli  uiore  simple  nianner.  In  it  'two  equal  pistons, 
with  valves  atl'ording  very  lurge  water-waya,  work  parallel  to  each 
other  in  two  pump  cylinder.s.  During  the  successive  strokes,  the 
first  piston  draws  in  water  by  its  Upper  surface,  and  delivers  it  to 
the  ascendin<f  column  by  causing  it  to  traverse  the  second  piston. 
In  it.s  ascending  cour.so,  the  second  piston  raises  in  its  turn  the 
column  of  water  by  its  upper  face,  while  the  lower  face  sucks  the 
watei-,  causing  it  to  traverse  the  first  piston'.  It  will  be  seen  from 
this  description  that  a  valve  is  placed  in  each  piston,  that  the  cy- 
liuders  communicate  at  their  base,  and  that  the  pistons  make  their 
strokes  simultaneously. -•'  This  pump  has  yielded  all  the  good 
results  promised  by  its  ingenious  construction,  and  it  is  adopted 
in  the  water-supply  -"^  of  Paris. 

In  spite  of  the  great  antiquity  of  the  lift  and  force  pump,  it 
is  only  of  late  years  that  improvements  have  been  iutroduced  into 
its  construction  capable  of  rendering  it  an  efficient  machine.  In 
1849,  M.  Morin  fouud  by  experiments  that  the  power  lost  was  55 
to  82  per  cent. — that  is  to  say,  that  of  the  motive-power,  45  per 
cent.  was  yielded  in  the  best  and  18  in  the  worst,  giving  an 
average  of  about  30  per  cent.  In  1851,  the  Jury,  reporting  on 
those  exhibited  in  the  great  exhibition,  say  that  it  is  one  of  our 
worst  machines,  considered  in  a  mechanical  sense,  as  a  means 
of  producing  a  given  result  with  the  least  possible  expense  of 
power. 

3.  The  Chain  Fump.^^ — This  pump  is  formed  in  general  of 
plates  of  wood  fastened  to  an  endless  iron  chain,  and  moving  up- 
wards  in  a  rectangular  case  or  box.  In  an  example  of  this  pump, 
called  'Murray's  Chain-pump ',  the  friction  is  reduced  by  having 
only  3  or  4  lifts  instead  of  20  or  30,  as  was  previously  the  case. 
The  chains  pass  under  a  roUer  at  the  foot,  and  are  driven  by  a 
small  pitch-wheel  at  the  top,  over  which  they  are  couducted,  and 
which  is  driven  by  appropriate  gearing.  '^-  The  lifts  feather  iu 
passing  over  the  wheel  to  the  descendiug  side,  and  only  unfold 
when  brought  round  to  the  ascending  side;  thus  the  pump  is 
enabled  to  take  of  the  water  with  the  same  dip  as  other  pumps. 
This  pump  is  not  liable  to  be  choked,  as  a  back  turn  of  the  chain 
immediately  releases  any  substance  getting  betweeu  the  lift  and  the 
barrel.  The  speed  is  variable,  in  proportion  to  the  duty^^  required. 
The  speed  at  which  the  chain  is  ordinarily  worked,  is  from  200  to 
300  feet  per  miuute;  100  tons  of  water  per  minute  could  be  raised 
100  feet  high;    and  experiments  showed  that  the  useful  work  done 

20  gleichzeitig.  3u  Wasserversorgung;  icater-vorks  Wasserwerk,  icater-tower  Wasser- 
turm, distritiution  Verteilung,  main  Hauptrohr,  service-pipe  Zweigrohr,  waier-meter  Wasser- 
messer,  estimalion  of  dailij  demand  Voranschlag  des  täglichen  Bedarfs.  3i  Kettenkunst, 
Paternosterwerk;  endless  cliain  Kette  ohne  Ende,  disc ,  plale  Scheibe.  32  g.  jfr.  6,  2S. 
33  Leistung. 
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averaged  63  per  cent.  of  the  indicator  liorse-power  ^*  of  the  engine 
working  it. 

4.  The  Centrifugal  Pump.^'^ — These  punips,  with  reference  to 
those  previously  described,  may  be  called  new,  as,  though  they 
have  been  in  use  in  one  form  or  another  for  at  least  a  Century, 
their  merits  were  not  brouglit  prominently  forward  tili  the  year 
1851,  when  the  great  efficiency^^  of  the  modeis  exhibited  by 
Mssrs.  Appold,  Gwynne,  and  Bessemer  drew  general  attention  to 
the  subject. 

The  essential  parts  of  this  pump  are, —  1.  The  wheel  to  which 
the  water  is  admitted  at  the  axis,  and  from  which  it  is  expelled  at 
the  circumference,  by  the  centrifugal  force^^  due  to  the  rotatory 
motion  imparted  to  it  in  passing  through  the  rapidly  revolving 
wheel;  and  2.  The  casing  or  box^'  in  which  the  wheel  works,  and 
by  which  the  entering  water  is  separated  from  that  discharged. 

The  water  enters  the  pump  by  supply-pipes  ^*  which  lead  to 
the  central  orifices^^  of  the  wheel;  it  then  passes  through  passages 
formed  by  the  vanes^*^  and  the  side  covering-plates  of  the  wheel. 
In  passing  through  these  passages  of  the  wheel,  which  is  made  to 
revolve  by  power  applied  to  the  shaft,  it  acquires  a  rotary  motion, 
which  still  continues  when  it  leaves  the  circumference  of  the  wheel, 
and  enters  the  circular  whirlpool  chamber.  Into  the  whirlpool  the 
water  is  drawn  at  the  central  orifice  of  the  wheel,  and  discharged 
by  a  pipe  at  the  circumference  of  the  whirlpool-chamber;  and  the 
force  with  which  it  is  discharged,  or  the  height  to  which  it  will 
rise  in  the  pipe,  is  measured  by  the  centrifugal  force  of  the  water 
revolving  in  the  whirlpool.  It  will  be  evident  that  the  height  to 
which  the  water  will  be  raised  depends  entirely  upon  the  speed  of 
revolution^i  of  the  wheel;  and  it  is  by  this  that  the  application  of 
centrifugal  pumps  is  limited  to  comparatively  low  lifts  •*-.  of  say 
less  than  20  feet,  as  the  speed  for  high  Hfts  requires  to  be  greater 
than  can  be  conveniently  and  usefuUy  attained  in  practice.  They 
are  best  applied  when  raising  large  quantities  of  water  through 
low  lifts. 

In  some  descriptions  of  this  pump,  the  exterior  whirlpool- 
chamber  is  dispensed  with;  and  to  the  vanes  of  the  wheel  is  given 
such  a  curvature  backwards  from  the  direction  of  motion,  that  the 
water  leaving  the  circumference  of  the  wheel  is  spouted  backwards 
from  the  vane-passages  with  a  speed  equal  to  that  of  the  wheel  in 
the  o^^posite  direction,  so  that  it  has  only  a  radial  motion  with 
reference  to  a  fixed  object,  in  other  words,  that  the  force  is 
acquired  from  the  radial  component  of  the  pressure  of  the  vanes, 
instead  of  the  centrifugal  force  of  the  revolving  water.  In  all 
cases,   curved  vanes  are  much  superior  to  straight  ones. 

3*  Pferdestärke,  Pferdekraft.      35  Centrifugalpumpe.     36  Centrifugalkraft.     3'  Gehäuse. 
38  Zuflussröhre.     39  Centralöffnung.     ■»"  Schaufel.     4i  Drehgeschwindigkeit.     *2  Hubhohe. 
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5.  The  Jet  Fiimp.*^  —  This  pump  is  worked  by  water-power'**, 
and  is  wortliy  of  notice  on  account  of  the  extreme  simjjlicity  of  its 
parts,  and  of  not  requiring  the  care  of  an  attendant  while  in  Ope- 
ration. The  water  available  for  working  the  pump  passes  down  a 
pipe,  and  is  dischargcd  froni  tlie  jet  or  nozzle  into  a  conical  pipe. 
Kound  the  nozzle  is  the  vacuiini-i.haniber,  at  the  bottom  of  which 
is  attaclied  another  conical  pipe,  and  into  the  side  of  which  the 
suction-pipe  enters  from  the  water  to  be  pumped.  The  water,  in 
passing  from  the  nozzle  into  the  conical  pipe,  carries  air  with  it, 
and  so  gradually  forms  a  vacuum  in  the  chamber,  when  the  water 
to  be  pumped  rises  into  it  and  is  in  turn  carried  with  the  jet 
down  the  conical  pipe  into  the  discharge-level.  This  pump  may 
be  viewed,  for  pui-poses  of  explanation,  as  a  syphon^^,  into  the 
shorter  leg^*'  of  which  a  jet  of  water  is  injected,  which  overcomes 
the  pressure  due  to  the  difference  of  levels,  and  reverses  the  ordi- 
nary  motion  of  the  water  in  a  syphon.  An  efficiency  of  18  per 
Cent,  has  been  obtained  from  this  pump,  which  is  low,  as  compared 
with  that  obtained  from  other  descriptions  of  pump;  yet  in  cases 
where  waste  of  -."ater-power  is  not  so  much  to  be  avoided  as  ex- 
pense  in  erecting,  working,  and  maintenance  ^^,  these  j^umps  possess 
decided  advantages.  The  case  to  which  they  are  particularly  appli- 
cable is  the  drainage  of  marshes  which  have  streams  of  water  ad- 
jacent  to  them  descending  from  a  higher  level. 

Chambers's  Encyclopcedia. 


9.    THE  ARTESIAN  WELL  OF  GRENELLE.* 

The  most  remarkable  example  of  an  Artesian  well  ^  is  that  at 
the  "abattoir"  -  of  Grenelle,  a  suburb  of  the  south-west  of  Paris, 
where  there  was  a  great  want  of  water,  It  cost  eight  years  of 
difficult  labour  to  perforate,  The  geological  strata  ^  round  the 
French  capital  are  all  of  the  tertiary  class,  and  constitute  a  basin 
similar  to  that  upon  which  London  Stands.  The  surface  at  Grenelle 
consists  of  gravel,  pebbles,  and  fragments  of  rock,  which  have  been 
deposited  by  the  waters  at   some   period   anterior    to  any  historical 

*3  Strahlpumpe.  **  Wasserkraft.  •'S  Heber.  *6  SchenkeL  *''  working  expenses  Be- 
triebskosten,  cost  (oder  expenses)  of  mainlenance  Unterhaltungskosten. 

1  Artesischer  Brunnen.  The  name  is  derived  from  the  fact  that  wells  of  this  de- 
scription  were  first  known  in  North- Western  Europe.  in  the  province  of  Artois  in  France, 
where  this  method  of  obtaining  water  has  been  practised  from  a  very  early  period. 
M.  Lefebvre  (Coniptes  Rendus  de  l'Acad.  des  Sciences,  183S)  describes  several  very  ancient 
Artesian  weUs,  which  were  discovered  by  M.  Ayme  in  the  Oasis  of  Thebes.  The  first 
Artesian  well  in  London  was  put  down  in  the  year  1794.  2  Schlachthaus.  3  Stratum 
Schicht,  8.  Teil  I,  Nr.  1,    3  ;    tertiarij  tertiär,  to  deposit  absetzen,  detrilus  Gerolle. 

*   S.  Technical  Vocabulary,   eh.  7. 
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record.  Below  this  layer  of  detritus,  it  was  known  to  the  engineer 
that  marl  and  clay^  would  be  found.  Underneath  the  marl  and 
the  clay,  the  boring  rods  ^  had  to  perforate  ^  pure  gravel,  plastic 
clay,  and  finally  chalk.  ^  No  calculation  from  geological  data  could 
determine  the  thickness  of  this  sti'atum  of  chalk,  which,  from  its 
powers  of  resistance,  might  present  an  almost  insuperable  obstacle. 
The  experience  acquired  in  boring  ^  the  wells  of  Elbeuf,  Rouen, 
and  Tours  was  in  this  respect  but  a  very  imperfect  guide.  Bat 
supposing  this  obstacle  to  be  overcome,  was  the  engineer  sure  of 
finding  a  supply  of  water  below  this  mass  of  chalk?  In  the  first 
place,  the  strata  below  the  chalk  possessed  all  the  necessary  con- 
ditions  for  producing  Artesian  Springs,  namely  successive  layers  of 
clay  and  gravel,  or  of  pervious  ^  and  impervious  beds.  M.  Mulot, 
however,  relied  on  his  former  expei'ience  of  the  borings  of  the 
wells  at  Eouen,  Elbeuf,  and  Tours,  where  abundant  supplies  of 
water  hat  been  found  below  the  chalk,  between  similar  strata  of 
clay  and  gravel,  and  he  was  not  disappointed.  M.  Arago  had  shown 
that  the  water  of  the  spring  here  would  necessarily  rise  to  the 
surface,  because  in  the  well  at  Elbeuf,  which  is  nearly  9  yards 
above  the  level  of  the  sea  ^^,  the  water  rises  from  27  to  29  yards 
above  the  surface  of  the  earth,  and  consequently  from  36  to  38 
yards  above  the  ocean  level.  Now,  as  the  orifice  of  the  bore  at 
Grenelle  is  only  34  yards  above  the  same  level,  it  follows  that,  if 
the  identical  water-bed  was  met  with,  the  water  would  rise  above 
the  earth's  surface  at  Grenelle. 

The  necessary  works  were  commenced  with  boring  rods  about 
9  yards  long,  attached  to  each  other,  and  which  could  be  raised 
or  lowered  by  mechanical  power,  while  an  ingenious  method  was 
adopted  for  giving  them  a  rotary  motion.  The  diameter  of  the 
tube^^  at  the  top  of  the  bore  is  11  inches  and  at  the  bottom 
6'63  inches,  according  to  M.  Rey.  The  Instrument  affixed  to  the 
end  of  the  lowest  boring  rod  was  changed  according  to  the  different 
strata  which  were  successively  attacked:  the  form  suited  for  pass- 
ing through  the  softer  materials  near  the  surface  being  unsuitable 
for  boring  through  the  chalk  and  flint,  a  hollow  tube  was  used  for 
the  former,  while  a  chisel-shaped  tool  ^^  was  employed  to  penetrate 
the  latter.  The  size  of  the  rods  was  lessened  as  the  depth  in- 
creased;  and,  since  the  subterranean  water  was  not  reached  so  soon 
as  was  expected,  it  became  requisite  to  enlarge  five  several  times 
the  diameter  of  the  bore,  in  order  to  permit  the  work  to  be  suc- 
cessfully  prosecuted.     Accidents    occurred  which    tried  the  patience 

4  Thon,  s.  Teil  I,  Nr.  34,  i.  5  Bohrstangen,  Gestänge.  6  durchbohren.  "  Kreide. 
8  well  boring  Brunnenbohren,  to  dig,  to  sink  a  well  einen  Brunnen  graben,  s/ia/l  Schacht, 
ö  (im)pertious  (un)durchlässig.  lo  Meeresspiegel,  n  tube  Köhre,  tube-well  Köhrenbrunnen, 
iubing  Einsenken  von  Bohren,  Ausbüchsen.  12  c/iisel  Meissel,  boring  tool  Bohrstück, 
jumper  Steinbohrer,  ground-auger  Erdbohrer,  hrace-head  Setzkreuz,  free-fall  tool  Freifall- 
bohrer,   debris  Bohrmehl,   bore-hole  Bohrloch. 
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of  the  projectors.  In  May,  1837,  whuu  tlie  boring  hud  extended 
to  a  deptli  of  418  yards,  the  liollow  tube,  with  iiearly  90  yards 
of  the  hing  rods  iittached  to  it,  broke  and  feil  to  the  bottom  of 
the  hole,  whence  it  bocanie  necessary  to  cxtract  the  broken  parts 
before  any  furtlier  progress  could  be  müde.  The  difhculty  of 
accomplihihing  this  task  niay  be  eonoeived;  for  the  difierent  frag- 
ments  wero  not  all  extracted  until  after  the  constant  labour  of 
15  months.  Again,  in  April  1840,  in  passing  through  the  chalk, 
the  chisel  attaclied  to  the  boring  rod  got  detached,  and  befoi'e  it 
could  be  recoveied,  sevei'al  months  were  spent  in  digging  round 
about  it.  A  siniilar  occurrence  again  created  an  obstacle  which 
impeded  the  work  for  3  montlis,  but  instead  of  withdniwing  the 
detached  part,  it  was  forcibly  driven  down  among  the  Stratum  of 
gravel.  At  length,  in  February  1841,  after  8  years'  labour,  the 
rods  suddenly  descended  several  yards,  having  pierced  into  the 
vault  of  the  subterranean  waters  so  long  sought  for  by  the  inde- 
fatigable  engineer.  A  few  hours  afterwards,  he  was  rewarded  for 
all  bis  anxious  toils;  for  lo !  the  water  rose  to  the  surface,  and 
discharged  itsel*'  at  the  rate  of  881,884  gallons  ^^  in  every  24  hours; 
the  temperaturc  of  the  water  being  nearly  82°  F.  At  first  it  brought 
up  so  great  a  quantity  of  sand  that  the  tube  was  several  times 
choked  by  it,  but  the  force  of  the  column  of  water  has  always 
proved  sufficient  to  clear  its  way  after  a  short  interval.  The  water 
flows  in  a  clear  continuous  stream,  and  is  carried  hy  pipes  to  a 
reservoir  near  the  Pantheon,  whence  it  is  distributed  over  the  ad- 
jacent  parts  of  the  city,  as  well  as  along  the  iine  of  the  Boulevards 
from  the  abattoir  to  the  Observatory.  By  means  of  small  pipes, 
also  the  Ecole  Militaire,  the  Invalides,  and  two  or  three  other 
public  establishments,  are  supplied  with  this  water. 

The  strata  traversed  in  forming  this  celebrated  well  were  as 
foUows:  —  Drift-sand  and  gravel,  33  feet;  lower  tertiary  strata, 
115  feet;  chalk  with  fliuts,  1394  feet;  calcareous  sandstone,  clays, 
and  sands  ending  in  a  bed  of  green-coloured  sand,  256  feet.  The 
surface  of  the  ground  at  the  well  is  102  feet  above  the  level  of 
the  sea,  and  the  water  is  capable  of  being  carried  above  this  to  a 
height  of  120  feet. 

Ure's  Dictionary. 

13  i  imperial  gallon  =  10  pounds  aroirdupois  of  distilled  u-ater  at  62'  of  Fahrenheit,  and 
barometer  at  30  inches  =  277-274  cubic  inches.  Ueber  englische  Maasse  s.  Teil  I  die  Bemer- 
kungen Nr.  15,    1  ;   31,    9  ;    3S,  40;   38,  6  0. 
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10.    PARTS  AND  APPENDAGES  OF  WATER  POWER 

ENGINES.* 

In  every  water  power  engine  ^  or  in  connection  with  it,  tliere 
exist  the  following  parts,  or  parts  äquivalent  to  them: 

1.  The  Channel  of  SKpply,  or  liead  race^^  whereby  water  is 
brouglit  to  tlie  engine,  and  whicli  extends  from  the  beginning  of 
the  fall  ^  to  the  place  where  the  water  begins  to  act  on  the  me- 
chanism.  It  may  be  an  open  conduit*,  or  close  pipe  ^,  or  a  com- 
bination  of  both.  Economy  of  power  requires  that  it  should  be  as 
large  as  possible :  economy  of  first  cost  that  it  should  be  as  small 
as  possible.  The  right  mean  is  a  matter  for  the  judgment  of  the 
engineer  in  each  particular  case.  This  channel  usually  commences 
at  a  head  reservoir  or  pond,  and  the  lower  end  of  it  is  sometimes 
of  such  dimensions  as  to  constitute  a  second  reservoir  or  pentstocli. 
The  lower  end  of  the  supply  channel  is  of  various  kinds  and  forms 
according  to  the  nature  of  the  engine. 

2.  The  geeiste  Channel  or  hye  urish',  whereby  any  flow  of  water 
which  is  in  excess  of  that  required  for  the  stream,  and  which  there 
is  not  reservoir  room  to  störe,  is  discharged  into  the  natural 
drainage  channel  of  the  country.  This  generally  commences  with  a 
weir  ^  or  overfall  forming  part  of  the  boundary  of  a  reservoir,  and 
of  such  length  that  the  greatest  possible  flow  of  waste  can  escape 
over  it  without  rising  to  a  dangerous  or  inconvenient  height. 

3.  The  regidator  ',  being  the  sluice  ®,  valve  ^  or  other  apparatus 
whereby  the  flow  of  water  delivered  by  the  head  race  to  the  engine 
is  adjusted  to  the  work  to  be  performed.  ^^  For  reasons  which  will 
afterwards  appear,  economy  of  power  requires  that  the  regulator 
should  be  as  close  as  possible  to  the  engine  and  therefore.  at  the 
lower  end  of  the  channel  of  supply.  The  regulator  is  very  fre- 
quently  controlled  by  a  governor^\  usually  of  the  revolving  pen- 
dulum  class. 

4.  The  engine  proper,  being  the  machine  to  which  the  water 
transmits  energy.  ^^ 

5.  The  tail  race-,  by  which  the  water  is  discharged  after  having 
driven  the  engine,  and  which  terminates  at  the  bottom  of  the  fall. 
The  same  principles  of  economy  of  power  and  economy  of  cost 
apply  to  this  as  to  the  head  race. 

1  Wasserkraftmaschine.  2  race,  Channel  Gerinne,  Mühlgerinne,  head  race,  channel  oj 
supply  Obergraben,  tail-race  Untergraben,  u-aste  Channel  -wüstes  Gerinne,  Freigerinne. 
3  GefäUe,  "Wassergefälle.  *  Leitung.  3  Rohr.  ^  weir  Wehr,  ocerfall,  waste-iceir  Ueber- 
fall(swehr),  crest  Krone,  back  -  uater  Stauwasser.  ■<  Eegulator.  8  Schleuse,  Schütze, 
reguladng  sluice  Eegulirungsschütze.  9  s.  Nr.  8,  4.  i«  zu  leistende  Arbeit.  3i  penduluni 
yoternor  Centrifugal-  (oder  Sch-wungkugel-)  Regulator,  self-acting  selbsttätig.  12  Energie; 
aclual  eneryy  wirkliche  Energie,  lebendige  Kraft,  potential  energy  mögliche  Energie,  Spann- 
kraft, 8.  Nr.  25  u.  Teil  I,  Nr.  S. 

*  S.  Technical  Vocaiulary,  eh.  50. 
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The  classes  of  water  power  engines  iire: 

1.  Watcr-bucket  engines  ^^,  in  which  water  poured  into  suspended 
buckets,  causes  them  to  descend  vertically,  and  so  to  litt  loads  or 
overcome  other  resistauce,  as  in  certain  liydraulic  hoists.  '^ 

2.  Wafo-jurssitre  engines'^'",  in  which  water  by  its  pressure 
drives  u  piston, 

3.  Vertical  water  u-hecls  '*',  being  wheels  rutating  in  a  vertical 
plane,  and  driven  by  the  weight  and  irapulse^'  of  water.  These  are 
the  most  common  ot"  all  water  power  engines. 

4.  Horizontal  water  tvheels,  or  turbines^'^,  being  wheels  rotating 
in  a  horizontal  plane,  and  driven  by  the  pressure  and  impulse  of 
water. 

5.  Barns  ^'■*  ani  jet  piimps^^,  in  which  the  impulse  of  one  mass 
of  fluid  is  used  to  drive  another. 

Prof.  Rankine,    The  Steam  Engine. 


11.    A  GENERAL  DESCRIPTION  OF  VERTICAL 
WATER  WHEELS.* 

Vektical  water  wheels  may  be  classed  as  follows: 

1.  Overshot  wheels^  and  breast  wheels "^^  being  vertical  wheels, 
on  which  the  water  acts  partly  by  its  weight  or  by  potential 
enei'gy  •*,   and  partly  by  its  impulse  or  by  actiial  energy. 

2.  Undershot  ivheels  '*,  being  vertical  wheels,  on  which  the  water 
acts  by  its  impulse. 

The  following  are  the  essential  parts  common  to  all  vertical 
water  wheels:  1.  The  axis  or  shaft  ^,  and  its  gudgeons  or  Journals.® 
2.  The  radiatiug  parts  on  which  the  water  acts;  which  in  overshot 
and  breast  wheels  are  buckets'^  or  cells;  in  undershot  wheels,  y?oafo  ^ 
or  vanes.'^     3.    The  arms   or   spokes'^^    and   other   framework^^   by 

13  bücket  Eimer,  ZeUe.  !■•  lift  oder  hoist  Aufzug,  hijdraulic  tift  hydraulischer  Aufzuor, 
steam  U/t  Bampfaufzug,  /jassftiger  lift  Personenaufzug,  cage  Stuhl,  wire  rope  Drahtseil, 
safetij  appliance  Fang-  oder  Sicherheitsvorrichtung,  is  w'assersäulenmaschine;  rnain  piston 
Treibkolben,  valve-cylinder  Steuercylinder,  distributing-talce  Steuerventil,  pressure  column 
Drucksäule,  s.  Techn.  loc,  p.  144,  lö  verticale  Wasserräder,  s.  Nr.  11.  i'  to  act  by  jm- 
p«?««  durch  Stoss  wirken,  by  pressure  durch  Druck.  18  out  war d-ßow  turbine  Turbine  mit 
innerer  Beaufschlagung,  in  war  d-ßow  turbine  Turbine  mit  äusserer  Beaufschlagung, 
high-pressure  turbine  Hochdruckturbine,  rane  Eadschaufel,  puide-blade  Leitcurve.  19  fiy- 
draulic  ratn  hydraulischer  Widder,  Stoasheber.     -"  Strahlpumpe,   s.  Nr.  8,   4  3. 

1  Oberschlägiges  Wasserrad.  -  mittelschlägiges  Kad,  Kropfrad;  high -breast  vsheel 
rückenschlägiges  Kad.  3  g.  Nr.  10,  la,  ir.  *  unterschlägiges  Rad.  5  Welle.  6  Zapfen. 
7  Zelle,  Becher;  bucket-uheel  Zellenrad.  >^  ßoat  Schaufel  (des  Wasserrades),  Eloss,  Schwim- 
mer (des  Dampfkessels),  Schaufel,  Reibebret  (beim  Vergipsen  und  Verputzen),  eiuhiebige 
Feile,  Schw^immapparat  (Rettungaapparat,  Korkjacke).  9  vane  Schaufel  (des  Wasserrades), 
Windfahne,  Flügel  (des  Windrades  und  des  Woltmann'schen  Flügels),  Visirscheibe  (der 
Nivellirlatte),  Diopter,    i"  Arme  oder  Speicher,     n  Gerüst. 

*    S.   Technical   l'oca-bulary,   eh.  50. 


30  ll-     A    GENERAL   DESCRIPTION    OF   VERTICAL   WATER    WHEELS, 

which  tlie  buckets  or  floats  are  connected  witli  tlie  shaft.  The 
Channel  or  chamber  in  which  the  wheel  works  is  called  the  ivheel 
race  or  lolieel  trough.^'-  Water  wheels  are  pi'otected  from  frost 
and  from  other  causes  of  stoppage  and  injury  by  being  enclosed 
in  a  wheel  Jioiise. 

Overshot  and  breast  wlieels. — The  water  is  supplied  to  this  class 
of  wheels  at  or  below  the  summit,  and  acts  wholly,  or  chiefly,  by 
its  weight.  The  periphery  of  an  overshot  wheel  consists  of  the 
sole  plate^^,  a  cylindrical  drum,  and  the  crowns^'^,  being  two  thin 
vertical  rings  connected  with  the  shaft  by  arms  and  braces^^,  and 
having  the  Space  between  them  divided  into  cells  by  cvirved  or 
augiilar  trough-shaped  partitions  called  huclcets.  The  water  pours 
from  the  pentstock  through  the  regulating  sluice^*',  sometimes  guided 
by  a  spout  into  the  openings  at  the  outer  edges  of  the  circle  of 
buckets,  filling  them  in  succession.  Formerly  the  buckets  used  to 
be  closed  at  their  inner  sides,  which  are  parts  of  the  sole  plate, 
but  now  they  are  made  with  openings  for  the  escape  and  re-entrance 
of  air.  While  the  buckets  are  descending,  part  of  the  water  over- 
flows  and  escapes,  and  this  is  a  cause  of  waste  of  energy:  as  each 
bücket  arrives  at  the  lowest  point  of  its  revolution,  it  discharges 
all  its  water  into  the  tail  race  and  ascends  empty.  A  breast  wheel 
differs  from  an  overshot  wheel  chiefly  in  having  the  water  poured 
into  the  buckets  at  a  somewhat  lower  elevation  as  compared  with 
the  summit  of  the  wheel,  and  in  being  provided  with  a  casing^^  or 
trough,  called  a  breast  ^^,  of  the  form  of  an  are  of  a  cy linder,  ex- 
tending  from  the  regulating  sluice  to  the  commencement  of  the  tail 
race,  and  nearly  fitting  the  periphery  of  the  wheel  which  revolves 
in  it.  The  effect  of  the  breast  is  to  prevent  the  overflow  of  water 
from  the  lips  of  the  buckets  until  they  are  over  the  tail  race.  The 
usual  velocity  of  the  periphery  ^^  of  overshot  and  high  breast  wheels 
is  from  three  to  six  feet  per  second;  and  their  available  efficiency, 
when  well  designed  and  constructed,  is  from  0.7  to  0.8.  The  dia- 
meter  of  an  overshot  wheel  must  be  little  less  than  the  height  of 
the  fall  of  water,  and  that  of  a  high  breast  wheel  somewhat 
greater;  and  they  are,  consequently,  sometimes  of  enormous  size. 
A  few  exist  of  70  feet  in  diameter.  Wheels  of  this  class  are  the 
best'  when  there  are  large  supplies  of  water  and  falls  that  are  not 
too  low. 

Unäersliot  and  low  breast  wJteels. — Wheels  of  this  class  are  driven 
chiefly  by  the  impulse  of  water  discharged  from  an  opening  at  the 
bottom  of  the  reservoir  with  the  velocity  produced  by  the  fall, 
against  floats  or  vanes.     Every  such  wheel  lias  a  certain  maximum 

12  Radgerinne.  13  Schaufelboden,  i*  crown  heisst  aiicli:  Scheitel  (eines  Bogens),  Be- 
krönung  (Archit.).  Decke  (eines  Flammofens  oder  der  Feuerbüchse  einer  Locomotive), 
Haube  (einer  Glocke),  Hals  (des  Ankers),  Bahn  (eines  Ambos).  15  Band,  Strebe.  16  g.  Xr. 
10,    8.     1^  Mantel,     is  Kropf,     m  Peripheriegeschwindigkeit,  s.  Nr.  6,    3. 
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velocity,  being  tlie  velocity  of  the  wheel  whicli  gives  the  least  pos- 
sible  velocity  to  the  dischnrged  water,  and  bearing  a  ratio  to  tlie 
supply- velocity  of  the  water  which  depends  on  the  form  of  tlie 
floats,  but  does  uot  in  nny  case  differ  nmcli  frum  ^.  In  undershot 
wheels  of  the  old  construction,  the  floats  ure  flat  boards  in  the 
direction  of  radii  of  the  wheel,  and  the  maxiraum  theoretical  effi- 
ciency ''**^'  is  .^.  The  available  efficiency  is  much  less,  seldora  ex- 
ceeding  ^.  An  undershot  wheel,  pi'ovided  with  a  breast,  becomes  a 
low  breast  wheel,  in  which  the  water  acts  partly  bj'  weight,  though 
chiefly  by  impulse.  This  class  of  wheels  was  much  improved  by 
Poncelet,  who  curved  the  floats ^^  with  a  concavity  backwards,  ad- 
justing  their  position  and  figures  so  that  the  water  should  be 
supplied  to  them  without  shock,  and  should  drop  from  them  into 
the  tail  race  without  any  horizontal  velocity.  The  maximum  theo- 
retical efficiency  of  such  wheels  is  as  great  as  that  of  overshot 
wheels,  but  their  available  efficiency  has  not  been  found  to  exceed 
0.6.  They  are  well  adapted  to  low  falls  with  large  supplies  of 
water. 

Prof.  Rankine. 
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This  word  is  uow  used  in  a  general  way  as  a  name  for  almost 
all  kinds  of  manufactories,  as  well  as  for  grinding  machinery;  but 
we  shall  only  describe  liere  the  arrangeiuents  of  an  ordiuary  flour- 
mill  ^,  adding  a  brief  notice  of  the  edge-mill  in  use  for  grinding 
oil-seeds  and  some  other  substances. 

From  time  immemorial,  corn  has  been  ground  by  a  pair  of 
stones.  The  millsfoncs^  which  are  now  all  but  universally  used  for 
grinding  com  are  made  from  Itdir-stone  ^,  a  form  of  silica  like  flint 
in  hardness,  but  uot  so  brittle.  This  rock  is  only  found  in  abun- 
dance  in  the  mineral  basin  of  Paris  and  some  adjoining  disti'icts, 
and  belongs  to  the  Tertiary  formation.  It  is  of  a  cellular  texture  *, 
and  is  frequently  füll  of  silicified  shells  and  other  fossils.  Mill- 
stones  are  usually  from  four  to  six  feet  in  diameter,  and  are  each 
made  up  of  a  number  of  pieces  strongly  cemented  and  bound 
together  with  iron  hoops. ''     One   6  feet  in  diameter,  of  fine  quality, 

20  Güteverhältniss,  Wirkungsgrad;  fiead  DruckliöUe,  GefäUe,  loss  of  head  GefäUsver- 
lust,  a  »tili  has  10  feet  head  eine  Mühle  hat  10  Fuss  Gefälle.  «^  ßoat-ioheel  Schaufelrad,  flat 
(curted)  ßoat  gerade  (gekrümmte)  Schaufel,  .rfaf-rfo«?crf  undershot  wheel  anterschlägiges  Kad 
mit  geraden  Schaufeln;    ii:heel  in  an  open  current  Rad  im  freien  Strom. 

1  Corn-mill,  ßour-iiiill  Getreidemühle,  Mahlmühle,  water-mitl  "Wassermühle,  sleam-mill 
Dampfmilhle,  tcind-mitl  Windmühle  is.  Techn.  Voc,  eh.  146),  paper-mill  Papiermühle,  saw- 
mill  Sägemühle  (s.  Nr.  16).  lan-mill  liohmiihle ,  fuUing - mill  Walkmühle.  2  Mühlstein. 
3  Buhrstein.   franz.  Mühlstein.     •*  Struktur.     5  Reif. 

*  S.   Technical   Vocabularij,   eh.  .'il, 
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will  cost  about  £,  50.  The  grinding  surface  or  face  ^  of  each  stone 
is  furroived  or  grooved,  the  grooves  being  cut  perpendicularly  on 
tlie  one  side,  and  with  a  slope  on  the  other.  A  pair  of  stones  are 
used  together,  and  both  being  furrowed  exactly  alike,  the  sharp 
edges  of  the  grooves  on  the  one  come  against  those  on  the  other, 
and  so  cut  the  grain  to  pieces.  *  The  lower  millstone,  or  bed-stone^., 
is  firmly  fixed,  it  being  a  matter  of  importance  to  have  done  tliis 
securely;  and  the  upper  (the  mnner)^  is  made  to  revolve,  on  a 
shaft^  which  passes  up  through  the  lower  one,  at  a  speed  of  one 
hundred  revolutions  per  miuute  more  or  less.  Motion  is  communi- 
cated  by  a  spur-rvJieel^'^,  which  is  driven  by  a  ivater-wheel^^  or 
other  power.  The  corn,  previously  cleaned,  is  supplied  to  the  mill- 
stones  by  means  of  a  1iox)per  ^^  connected  with  which  there  is  a 
valve  for  regulating  the  supply.  Passing  through  a  hole^^  in  the 
centre  of  the  upper  millstone,  it  comes  in  between  the  two,  where 
it  is  ground  and  thrown  out  on  all  sides  by  means  of  the  centri- 
fugal  force.  ^*  The  millstoues  are,  of  course,  enclosed,  and  the 
flour  passes  down  through  a  spout  to  a  worm^^,  which,  while  it 
cools  the  ground  corn,  carries  it  along  to  elevafors.^'^     These  raise 

*  Millstone.  — The  rimner  is  supported  by  a  halance-rynd,  which 
Stretches  across  the  eye  and  rests  upon  the  spindle.  The  upper  part  of 
the  spindle  is  called  the  cock-head,  and  it  is  inserted  into  a  cavity  on 
the  under  side  of  the  balance-rynd,  called  the  cock-eye. — Millstones  have 
various  arrangements  of  grooves  on  their  faces.  The  grooves  are  called 
furroivs,  and  the  intervening  portions  of  the  face  are  called  land.  The 
System  of  furrows  and  land  is  called  the  dress,  and  this  varies.  The 
kinds  of  dress  are  known  as  the  quarter  dress  and  the  circular  dress.  In 
the  former  the  face  is  divided  up  into  a  number  of  sectors,  each  of  which 
is  known  as  a  quarter,  and  has  its  own  set  of  furrows.  The  advance 
edge  of  a  furrow  is  the  leading  edge,  the  other  is  the  traüing  edge.  The 
face  of  the  millstone  around  the  eye  is  usually  somewhat  sunken,  so  as 
to  allow  the  grain  to  enter;  this  sunken  space  is  called  the  bosom.  The 
furrows  lead  from  the  bosom  to  the  skirt  of  the  millstone,  that'  is  to  say, 
to  its  periphery.  A  principal  furrow  leading  from  the  eye  to  the  skirt 
is  called  a  leader;  the  branch  furrow  departing  fi-om  the  leader,  nearest 
to  the  eye,  is  called  a  second  furroiv ;  a  breach  furrow  departing  from 
the  leader  nearest  to  the  skirt  is  called  a  skirt-furrow.  A  furrow  con- 
cave  at  bottom  is  called  a  gouge- furroiv.  A  furrow  has  one  steep  edge 
and  one  slanting  edge;  the  former  is  called  a  track-edge,  and  the  latter 
a  feather-edge.  The  Operation  of  preparing  the  face  of  a  stone  is  called 
dressing.  Roughing  the  land  face  of  a  stone  with  a  pick-hammer  is  called 
face-cracking.  The  draft  of  a  millstone  dress  is  the  degree  of  deflection 
of  its  furrows  from  a  radial  direction.  Thus  in  a  ''T-inch  draft"  the 
track-edges  are  tangential  to  a  7-inch  circle.  A  12-quarter  or  1^-quarter 
dress  indicates  a  system  of  12  or  14  sets  of  furrows. 

Knight's  Mechanical  Dictionary. 

6  Malilfläche;  furro'i'i  Hauschläge.  "  Bodenstein,  s  Läufer(stein).  9  Welle;  spindle 
Spindel,  Mülileisen,  sfep  Mühlpfanne.  lo  Stirnrad,  s.  Nr.  6.  n  W^asserrad,  s.  Nr.  10  u.  11. 
12  Trichter;  shoe  Schuh,  damsel  Bührnagel,  hoop,  stone-case  Bütte.  IS  eye  Auge,  ri/nd 
Haue,   balance-rynd  schwebende  Haue,     i*  Centrifugalkraft.     15  Schnecke.     16  Elevator. 
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il  up  ti)  the  floor,  on  whicli  tlie  siUc-dressinff  machinc^''  is  placed. 
Tliis  is  jv  cylinder  wliicl»  was  forraerly  inade  of  wirecloth'^  of 
various  degreos  of  fineness,  and  coiisequeiitly  separated  tlie  Hour 
iiito  difierent  (jualitifs — tlio  finest  jjussinjf  tliroujfli  tlie  fiist  purtioii, 
the  second  passing  thfough  the  next,  and  so  on;  but  no  part  ot"  it 
hirge  enough  in  the  openings  to  let  through  the  bran,  which  passed 
out  at  the  end.  Silk  is  now  preferred  to  wirecloth  for  drcssivf/ 
tlie  flour.  Hoppers  are  pbiced  below  the  dressing- machine,  by 
nieans  of  which  the  flour  and  bran  are  fiUed  into  sacks;  Nr.  1 
ha'nv^  ßne  ßoiir;  Nr.  2  seconds;  Nr.  3  bran. 

One  of  the  largest  tiour-mills  in  Great-Britain  was  tlie  one 
belonging  to  Messrs.  Tod  at  Leitli.  It  was  about  150  feet  long, 
fiO  feet  broad,  and  65  feet  high.  At  one  end  of  it  was  placed  a 
steani-engine  of  oöO  horse-power,  which  worked  all  the  machinery 
of  the  mill.  This  communicated  motion  to  a  series  of  shafts  and 
wheels  occupying  the  ground-floor,  belts*''  being  used  as  rauch  as 
possible  for  driving  the  wheels  instead  of  spur-gear,  so  as  to  avoid 
a  shaking  motion.  On  the  second  tloor  were  placed  30  pairs  of 
millstones,  ai-ranged  in  two  lines  along  the  room,  the  wheat  being 
sujjplied  silently  to  them  by  centrifugal  feeders.  On  the  third  floor 
were  situated  the  hoppers  for  feeding  the  millstones.  The  fourtli 
üoor  contained  iron  rollers  -°  for  partially  crushing  the  wheat  before 
being  supplied  to  the  millstones.  This  floor  also  contained  silk  and 
wlre  dresi^ing-machines.  On  the  fifth  floor  were  placed  the  first  silk 
dressing-machine,  and  also  smut-machines -^  for  cleaning  the  w^heat 
])revious  to  grinding,  whicli  were  somewhat  similar  to  thrashing- 
machines."--  All  these  machines  were  connected  in  the  most  skilful 
mauner  by  elevators  ascendiug  through  all  the  tioors;  and  along 
each,  where  necessary,  there  ran,  in  a  horizontal  direction,  an  Archi- 
niedean  screw--^,  so  that  the  grain  or  the  flour  could  be  conveyed 
to  any  of  the  machines  without  the  assistance  of  hand-labour.  This 
mill  in  1863  converted  wheat  into  flour  at  the  rate  of  about 
500  sacks  a  day — a  quantity  nearly  sufficient  to  supply  bread  for 
the  entire  population  of  a  city  like  Edinburgh.  Messrs.  Tods'  mill, 
which  since  then  had  been  greatly  extended,  unfortunately  was 
totally  destroyed  by  a  fire  in  January   1874. 

There  is  a  form  of  mill  in  use  for  some  purposes  where  the 
millstones  are  vertical,  and  called  the  cdf/e-stone  -*  mill.  It  is  some- 
tiraes,  though  rarely,  used  for  grinding  corn ;  but  is  much  employed 
for  crushing  oil-seeds-\  and  for  grinding  dye-stuffs,  sugar,  chemicals, 
and   a  multitude    of  other   substances.     The  stones  are  eenerallv  of 


1"  Beutelmaschine;  bolting-cloth  Beuteltucb.  is  Drahttuch,  Drahtgewebe.  19  Riemen, 
s.  Jsr.  7.  -"  Walze.  2*  Getreidereinigungsmaschine.  --  Dreschmaschine.  23  g,  iyr_  5^  4. 
-■*  fdgf-miU.  ed'je-xton'S  Kollergang,  Kollerwerk.  2.5  Oelsamen;  linseid  Leinsamen;  oil-mill 
Oelmtihle,  healing-ketlle  Erwärmungspfanne,  ved;/e-j>ress  Keilpresse,  press  box  Presstrog, 
/icirs  Beutel  ans  Pferdehaar  u.  s.  w.,    s.  Techn.   Voc,  S.  147. 

Wershovek,    II.  g 
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some  hard  rock,  such  as  granite  or  sandstone,  and  from  5  to  7  feet 
in  diameter.  For  such  purposes  as  grinding  clay  or  loam,  they  are 
usually  made  of  cast-iron,  and  of  a  smaller  size.  The  stones  revolve 
in  opposite  directions,  sometimes  upon  a  fixed  stone  or  metal  bed, 
and  at  other  times  it  is  the  bed-plate  itself  which  revolves,  and  in 
so  doing  turns  the  edge  stones  which  rest  upon  it. 

Among  the  recent  improvements  in  our  flour-mills  which  have 
attracted  considerable  attention  are:  1.  The  patent  process  of  dress- 
ing  the  grinding  surface  of  the  millstoues  by  means  of  a  peculiar 
kind  of  diamond,  which  rapidly  covers  it  with  fine  grooves ;  this  is 
still,  however,  more  largely,  and  perhaps  more  efficiently,  done  with 
the  ridging  hammer;  2.  The  keeping  down  of  the  temperature  of 
the  millstones  by  means  of  a  current  of  cold  air;  and  3.  The  intro- 
duction  of  Carr's  Paftent  Disintegrator^^^  which  grinds  wheat  and 
other  substances  by  means  of  two  vertical  iron  discs  about  five  feet 
in  diameter,  and  a  few  inches  apart,  in  each  of  which  are  several 
concentric  roAVs  of  steel  pegs  or  beaters,  so  arranged  that  those  on 
the  one  disc  overlap  Avithout  touching  those  of  the  other.  The  discs 
are  made  to  revolve  rapidly  in  opposite  directions,  so  as  to  grind 
the  wheat  by  percussion. 

Chambees's  Encyciopcsdia. 
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The  following  general  Classification  of  tools,  according  to  their 
functions  and  modes  of  action,  has  been  proposed  by  a  writer  in 
the  "Scientific  American":  — 

1.  Geometrical  tools,  for  laying  off  and  testing  work,  as- Squares  i, 
gauges^  compasses^,   drawing  and  surveying  instruments  *,  &c. 

2.  Percussion  tools;    as  the  hammer,  &c. 

3.  Compression  tools;   for  pressing,  rolling,  polishing,  &c. 

4.  Puncturing  tools;   needles,  awls,  punches  ^,  &c. 

5.  Cutting  tools;  including  saws. 

6.  Combiued  percussion  and  cutting  tools;  as  the  axe,  hoe, 
and  scythe. 

7.  Combined  compression  and  cutting  tools;  such  as  planes^, 
shears  ^,  etc. 

2C  C'arr's  Desintegrator  oder  Sclüeudermühle. 
1  AVinkelmass.  2  Lehre.  3  zjrkel.  *  Messinstrument.  5  Punze.  Durclischlag;  pM«c/»ns 
)/iacAm«Burchschiiitt,  Lochmaschine,  hydraulic  bear  hydraulischer  Burchschnitt.  6  Hobel; 
plane-iron  Hobeleisen.  <op-;>ia^«  Wendeisen,  stock  Ka.sten,  Jack-plane  Schrobhobel,  iinoothing 
plane  Schlichthobel,  jointer  Fügebank,  plou:jh  Kuthobel;  planiny  machine  Hobelmaschine. 
7  circular  shears  Kreisschere,  sUeariny  tnachine  Maschinenschere. 

*  S.   Technical  Vocabulary,   eh.  54    (S.  IGl— 165). 
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8.  Abriuliiifj  tuole;  as  whetstones,  and  also  tbat  clasB  of  drills  ^ 
wliich   lut  by   abratiiou. 

9.  Forniing  tools;  moulcls  t'or  casting,  formers  ior  sheet-metal, 
dies,  &c. 

10.  Motor  tools;  as  the  lever,  screw,  puUey '•',  and  in  general 
those  eiuployed  to  iuii)art  motion  to  otber  tools,  to  cause  a  blast, 
as  bellows,  luid  for  like  purposes. 

11.  Holding  tools;  which  ouiploy  adliesion  oi*  compression  for 
supporting  in  a  fixed  position  materials  to  be  operated  on  by  other 
tools.  Tbis  erabraces  vices '",  latbe-cbucks  *',  and  vessels  for  con- 
tainiug  liquids. 

12.  Separating  tools,   as  sieves,  filters,  fanning-macbines. 

13.  Dii'ecting  tools,  used  as  guides  for  otber  tools;  sucb  as  tbe 
miter-box,  for  guiding  tbe  saw  in  miters;  funnels  for  directing  tbe 
riow  of  liquids  are  included  in  tbis  class. 

14.  AVeigbing-tools;  scales,  balances  ^2,  and  instruments  for  de- 
termiuing  specific  gravity.  ^^ 

15.  Implements  for  measuring  solids  and  liquids. 

16.  Agitators;  for  mixing  differeut  substances,  or  agitating  the 
particles  of  tbe  same  substance  among  eacb  otber. 
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MACHINE. 

The  appearance  of  tbe  iustrument  will  be  evident  from  tbe 
General  View  (Fig.  1),  wbilst  tbe  outline  Plan,  Section  ^,  and  End 
Elevation  -  will  explaiu  its  construction  —  tbe  same  ^jarts  being  iu- 
dicated  by  tbe  same  reference  letters  in  all  of  tbem.  A  Standard  '•' 
one-incb  bar  (D)  is  tbere  sbown  in  position  for  being  measured — 
or  ratber  for  being  compared  witb  some  otber  bar.  A  rigid  mass 
of  cast  iron  (A)  forms  tbe  bed  of  tbe  macbine,  tbe  casting  being 
carried  up  at  eacb  end  so  as  to  form  two  beadstocks.  *  Ruuning 
from  one  of  tbese  beadstocks  to  tbe  otber  is  a  V-sbaped  groove,  in 
wbicb  tbe  square  bars  B  and  C  are  laid,  and  wbicb  also  receives 
tbe  Standard  or  otber  bar  (D),  of  wbicb  tbe  lengtb  is  to  be  tested. 
Tbe  sides  of  tbe  groove,  and  also  tbose  of  tbe  bars  (wbicb  are 
Square  in  section),  are  worked  up  as  truly  plane  as  possible,  and 
are  kept  accurately  at  rigbt  angles  to  eacb  otber,  so  tbat,  upon 
wbicbever    sides    tbe    bars   may    rest,    tbey   are   capable   of  sliding 

8  Bohrer,  s.  Nr.  19.     9  s.  Jsr.  5—7.     lo  Schraubstock,     n  Futter  (der  Drehbank).     12  s. 
Teil  I,  Nr.  2.     13  specifisches  Gewicht,   vgl.  Teil  I,  Nr.  41. 
1  Durchschnitt.     -  Aufriss.     3  Xornial-.     ■*  Docke. 
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smoothly  and  witli  perfect  steadiness  in  the  groove.  Tbeir  ends 
also  are  carefully  made  square  to  their  sides,  and  are  brought  to 
true  planes;  one  extremity  of  each,  in  the  case  of  B  and  C,  and 
both  extremities  of  D,  being  turned  down,  so  as  to  present  circular 
instead  of  square  faces.  Througb  each  headstock  runs  an  acciarately 
pitched  niicrometer  screw  '',  by  which  B  and  C  can  be  driven  for- 
wards  along  the  groove;  as  may  be  observed  in  the  left-hand 
portion  of  the  Plan,  in  which  the  saddle  by  which  B  is  protected 
and  partially  concealed,  when  the  machine  is  in  use,  has  been 
removed.  The  screw  on  this  side,  which  has  exactly  20  threads  to 
the  inch,  is  made  to  advance  or  recede  by  tuming  the  wheel  F, 
the  circumference  of  which  is  divided  into  250  parts,  Consequently, 
by  turning  the  wheel  forwards  througb  one  division,  the  bar  B  is 
moved  througb  ^V  ^  2^0  ^^  ^^^  five-thousandth  of  an  inch.  The 
other  screw,  which  likewise  has  20  threads  to  the  inch,  is  driven 
y  a  worm-  wheel  ^  of  200  teeth,  into  which  gears  a  tangent-screw, 
H,  having  fixed  upon  its  stem  the  graduated  wheel  Gr.  The  cir- 
cumference of  this  wheel  being  also  divided  into  250  parts,  a 
movement  througb  one  division  corresponds  to  a  traverse  of 
2^)  X  ^777)  X  231)  ^^  ^°®  millionth  of  an  inch  on  the  part  of  the 
bar  C.  Fixed  pointers  enable  the  exact  distance  througb  which 
either  of  the  wheels  F  or  G  is  moved,  to  be  read  off,  so  that 
we  have  thus  the  means  of  detecting  this  extremely  minute  difference 
in  the  length  of  any  bars, — if,  at  least,  we  can  fulfil  the  important 
condition  of  causing  the  micrometer  screws  to  exert  a  perfectly 
equal  pressure  in  every  case.  The  arrangement  by  which  this 
equality  of  pressure  is  secui'ed  is  one  of  very  great  simplicity  and 
beauty.  Between  one  extremity  of  the  bar  under  comperison  and 
the  sliding  bar,  a  small  steel  plate  with  truly  plane  and  parallel 
sides  is  introduced.  This  plate  is  called  the  "feeler"  or  "gravity 
piece",  and  its  ends  (E  E)  are  drawn  out  so  as  to  rest  upon  two 
Supports  fixed  upon  the  sides  of  the  bed.  When  little  or  no  pres- 
sure is  exerted  upon  the  bar  D,  the  feeler,  if  one  of  its  ends  be 
momentarily  raised  from  the  support,  falls  back  again  by  its  own 
weight;  when,  on  the  other  band,  the  pressure  is  at  all  considerable, 
it  is  either  incapable  of  being  raised  without  violence,  or  when 
lifted,  does  not  return;  the  friction^,  in  fact,  between  its  own  plane 
surfaces  and  those  of  the  bars  between  which  it  is  placed  forming 
a  delicate  measure  of  the  pressure  to  which  they  are  subjected. 
When  this  pressure  is  just  sufficient  to  keep  the  feeler  from  falling 
by  its  own  weight,  without  interfering  with  its  perfectly  free 
motion  when  touched,  the  correct  adjustment  has  been  given  to 
the  Instrument. 


5  Mikrometersehraube;  pitc/i  Steigung,  Ganghöhe,  thread  Gewinde,  s.  Nr.  ö.     G  Schrau- 
benrad, 8.  Nr.  6.     "  Reibung,  s.  Nr.  8,  16. 
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Suppose  now  tluit  a  proposed  dupliciite  is  to  be  compared  witli 
a  Standard  oiio-inch  bar.  The  Standard  (D)  and  the  feeler  (E  E) 
are  first  plactd   in  the  positions  sliown  in  the  figure,  contact  between 


Kil,'.     1.        (icIUTul     \il>\V. 


mg.  2.     rian. 


Fit 


End  Elevation. 


Fig    4      bection 


them  aud  the  sliding  bars  being  nearly  established  by  turning  the 
wheel  F;  after  which  the  final  adjustnient  is  given  with  the  wheel  G. 
As  soon  as  the  feeler,    on  its  end  being  lifted,    remains  suspended 
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iflstead  of  falling  back  upon  its  support,  the  adjustment  is  known 
to  be  complete,  and  the  position  of  the  wheel  G  is  accurately 
noted.  Since  the  new  bar  is  to  be  an  exact  copy  of  the  Standard, 
the  coarse  adjustment  wheel  F  is  left  untouched,  the  Standard  being 
released  by  nioving  the  wheel  G  only,  which  is  again  adjusted  when 
the  duplicate  of  which  the  length  is  to  be  tested  has  been  laid  in 
the  groove.  If  the  position  of  the  wheel  then  prove  to  be  the 
same  as  before,  it  is  evident  that  the  length  of  the  bars  is  identical; 
but  if  not,  the  exact  difference  betweeu  them  is  giveu  in  millionth 
parts  of  an  inch  by  the  number  of  divisions  by  which  the  second 
reading  differs  from  the  first;  a  movement  through  one  of  these 
divisions  being  sufficient  to  release  the  feeler  or  again  to  arrest  its 
fall  when  the  adjustment  of  G  is  correct.  This  degree  of  delicacy 
will  thus  be  seen  greatly  to  surpass  that  of  the  measurements  which 
have  been  obtained  by  reading  line  measures  with  the  aid  of  power- 
ful  microscopes.  As  an  instance  of  the  extreme  sensitiveness  of 
machines  of  this  kind  it  may  be  mentioned  that  the  one  represented 
in  our  engraving  is  capable  of  detecting  the  expansion  ^  in  a  one- 
inch  bar  which  is  produced  by  merely  touching  it  for  an  instant 
with  the  finger;  and  in  the  larger  machine  before  alluded  to  —  if 
due  precautions  be  taken  to  protect  it  from  dust,  moisture,  and 
currents  of  air — momentary  contact  of  the  finger-nail  will  suffice  to 
produce  a  measurable  amount  of  expansion  in  an  iron  bar  36  inches 
in  length;  a  space  corresponding  to  half  a  division  on  the  fine- 
adjustment  wheel,  or  one-two-millionth  of  an  inch,  having  been 
rendered  distinctly  perceptible  by  it.  Indeed,  the  expansion,  with 
every  slight  increase  of  temperature,  constitutes  the  only  difficulty 
with  which  Sir  Joseph  "Whitworth  has  now  to  contend,  and  he  is 
of  opinion  that  62°  Fahrenheit,  which  is  adopted  in  this  country 
as  the  Standard  temperature,  is  too  low  for  the  purpose,  since,  if 
it  were  increased  to  70°  or  80°,  its  uniformity  would  be  much  less 
liable  to  disturbance  from  the  warmth  of  the  operator's  body.  But 
it  must  not  be  supposed  that  this  acme  of  mechanical  precision  is 
by  any  means  easy  of  attainment.  For  it  is  obvious  that  if  the 
slightest  want  of  uniformity  of  pitch  were  to  exist  in  the  micro- 
meter  screws,  or  if  the  sides  of  the  bars,  &c.,  were  not  the  dosest 
possible  approximations  to  true  plane  surfaces, — their  ends  being  at 
the  same  time  accurately  at  right  angles  to  the  common  axis  of  the 
bars  and  screws  —  it  would  have  been  impossible  even  to  approach 
the  wonderful  degree  of  accuracy  which  can  now  be  obtained  with 
these  Instruments.  C.  P.  B.   Shelley.  ^ 

8  expansion,  dilutation  Ausdehnung,  contraction  Zusammenziehung,  linear  (cubicai)  ex- 
pansion lineare  (kubische)  Ausdehnung,  absolute  (apparent)  expansion  wahie  (scheinbare) 
Ausdehnung.  9  Civil  Engineer,  Professor  of  Manufacturing  Art  and  Machinery  at  King's 
College,  London. 
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15.    HAMMERS.    iOUGING. 

Thk  lianimer  i.s  a  tool  used  foi*  ajjplying  thft  Ibrce  of  impact, 
either  for  the  purpose  of  beating  malleable  ^  niaterials  into  a  re- 
quired  form,  or  for  driving  iiails,  wedges,  See.  The  common  Inind- 
hamnicr-  consists  of  an  iron  hcncl^,  usiially  faced  with  steel,  lixed 
crosswise  upou  a  wooden  Ji/incUc.  '*  AVhen  one  side  of  the  head  is 
thinned  out  of  a  wedge  form  or  to  a  point,  this  is  called  the 
pane  ^  of  the  hammer.  The  face  ^  is  the  Hat  diso  which  strikes  the 
werk.  Garpenters'  and  joiners'  hammers  have  a  bent  pane  with  a 
V-shaped  notch,  which  i^i  used  as  a  beut  lever  for  drawing  nails,  ttc. 
The  pane  is  sometimes  sharpened  so  as  to  form  an  adze  ^  or 
chisel.* 

Uand-hammcrs  are  especially  iised  in  forgivg^^  which  is  the 
process  of  hammering  red-hot  iron  or  steel  into  any  required  shape. 
The  Workshop  ^  in  which  the  Operation  is  performed  is  called  a 
forge.  ^^  The  principal  tools  of  a  common  smith's  forge  are  the 
the  forge-fire  or  Jienrfh^^,  with  its  hellows^-,  the  anvü^^,  and  the 
various  hammers,  swages,  &c.  For  large  work,  an  air-furnace,  blown 
by  steam-bellows  ^'*,  supplies  the  place  of  the  simple  hearth  of  the 
blacksmith  ^-^  powerful  cranes  ^*'  swing  the  work  to  its  place  on  the 
anvil,  and  a  steam  -  hammer  ^-^  strikes  the  blows  that  squeeze  the 
red-hot  mass  into  shape.  Besides  these,  there  are  portable  forges 
of  various  sizes  and  forms,  used  for  militai-y  and  other  pui'poses. 
The  workman  who  makes  cnÜery'^~',  that  is  to  say,  cutting  instru- 
ments,  such  as  knives,  forks,  scissors,  razors,  &c.,  is  called  a  cidlcr: 
the  sword-maker  a  sword-cutler;  but  the  mauufacturer  of  workmen's 
tools  is  called  a  tool-malcer  or  a  steel  foi/-maJcer,  not  a  cutler.  In 
Birmingham,  for  example,  such  implements  as  hammers,  chisels,  pin- 
cers,  hatchets,  &c.,  are  technically  called  tOTfS.  Two  men  are  generally 
employed  in  forging  sniall  work,  which  is  said  to  be  'two-handed'. 
The  principal  workman,  or  'fireman',  uses  a  small  hammer  of  2  to 
4  Ibs.  weight,  while  the  'hammerman'  wields  the  sledge-hammer'^^^ 
weighing  from  10  to  15  Ibs.  In  clraiving  cloicn^'''  or  rcducing  a 
bar  both  in  leugth  and  width,  the  flat  face  of  the  hammer  is  used; 
but  when  the  length  or  breadth  aloue  is  to  be  extended,  only 
the  'pane'   or  narrow    edge  of  the    hammer.     Superior  works,    such 

1  Hämmerbar.  2  Handhammer.  3  Kopf.  *  Stiel.  •>  Finne.  6  Bahn.  ~  Texel,  Dechsel. 
"  das  Schmieden.  9  WerkstUtte.  i"  die  Schmiede,  u  Herd.  Schmiedefeuer,  Esse.  '-  Blase- 
balg. 13  Ambos;  face  Bahn,  stock  Ambosstock:  beak-iron  Sperrliorn.  l*  Dampfgebläse. 
15  Grobschmied.  !>>  hyOrattlic  crane  hydraulischer  Kran,  steaiu  crane  IJampfkran,  travelling 
cran?  Ijaufkran,  tuhutar  wrouglit-iron  crane  Blechkran,  l"  Messerschmicdewaren ;  cutler 
Messerschmied;   sword-cutlfr  Schwertfeger.     's  /uschlaghammer.     19  das  Ausstrecken. 

*  The  nomenclature  of  the  various  kinds,  wliich  are  numerous,  is  generally  derived 
from  tlieir  application,  though  in  sume  iustances  from  the  form.  FUe-makTs,  -ilfdi/e. 
ritftiny,  li/l,  raisimj,  claw.  planishing,  'juid-beater's,  hack-ing,  reaeeriny,  maj"  be  enumerated 
among  the  numerous  varieties.  as  well  as  tilt  and  steam  hainiuers.  Hammers  employed  in 
engine  work  are  of  three  sizes,  the  sledge,  riogging.  and  hand  Iiamraers,  Knioht. 
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as  razor-blades,  are  smithed  after  forgiug  —  that  is,  beaten  upou 
an  anvil,  to  condense  the  metal  as  rauch  as  possible  —  and  slightly 
fffound  or  scorched  on  a  rough  stone,  to  finish  the  shaping,  and 
remove  the  'scale'  or  black  oxidised  surface.  For  the  largest  work 
to  which  hand-hammers  are  still  applied,  such  as  anchor-forging, 
two  gangs  of  from  six  to  twelve  hammermen  are  employed;  a 
foreman,  with  a  wand,  directs  the  hammering,  and  the  two  gangs- 
relieve  each  other  alternately,  on  account  of  the  severity  of  the 
labour.  In  all  processes  of  forging,  it  is  of  primary  importance  to 
obtain  the  greatest  possible  rapidity  in  the  succession  of  blows. 
There  is  a  double  reason  for  this:  first,  and  simply,  that  the  work 
is  cooling,  and  the  more  slowly  it  is  forged,  the  more  frequently 
it  must  be  re-heated;  and  secondly,  that  percussion  generates  actual 
heat,  and  if  the  blows  are  sufficiently  heavy  and  rapid,  the  tem- 
perature  of  the  work  may  be  fully  maintained  out  of  the  fire  for 
a  considerable  length  of  time.  The  hammer  used  for  tilting  steel 
not  only  maintains  the  heat  of  the  bar,  but  raises  it  from  a  dull 
to   a  bright  red  heat. 

For  many  purposes,  hammers  are  required  of  greater  weight 
than  a  man  can  wield;  and  great  varieties  of  power-hamtfiers'-'^ 
are  used.  These,  for  the  most  part,  are  masses  of  iron  raised  by 
steam  or  other  power,  and  then  allowed  to  fall  by  their  own  gra- 
vity  upon  the  work. -^  The  helle  or  shingling  hammer'--,  used  for 
compressing  the  niass  of  iron  drawn  from  the  puddling  furnace, 
and  the  tilt-hanimer,  used  in  the  manufacture  of  shear-steel,  are 
important  examples  of  such  hammers.  The  first  is  a  heavy  bar  of 
cast-iron  about  ten  feet  long,  weighing  three  or  four  tons  and  up- 
wards,  to  which  is  attached  a  head  of  wrought  iron  faced  with 
steel,  weighing  nearly  half  a  ton  more.  It  works  upon  an  axis  at 
the  end  of  the  bar  furthest  from  the  head,  and  is  raised  by  caras  -* 
attached  to  a  heavy  wheel  set  in  motion  by  steam  or  water  power ; 
these  cams  strike  or  'lick'  a  projection  extending  beyond  the  head, 
and  thus  raise  it  about  18  or  19  inches  at  the  rate  from  70  to 
100  times  per  minute.  The  iilt-hammer  is  similar,  but  much  lighter, 
and  is  adapted  for  striking  above  300  blows  per  minute.  In  order 
to  obtain  this  velocity,  a  short  'tail'  extends  with  a  downwards  in- 
clination  beyond  the  axis,  and  the  cams  strike  this  downwards,  and 
thus  lift  the  longer  ai-m  of  the  lever  to  which  the  head  is  attached. 
These,  when  worked  by  steam,  as  they  usually  are,  are,  of  course, 
steam-hammers;  but  when  the  term  steam-hammer^^  is  used  without 
qualification,  it  applies  to  another  and  more  elaborate  machine  of 
very  different  construction,  invented  by  Mr.  James  Xasmyth  in  1842, 

20  mechanischer  Hammer.  21  Arbeitsstück.  22  shingling  das  Zangen,  s.  Xr.  2,  23  und 
Teil  I,  Xr.  2!^;  Uft-harniner  Aufwerfhammer,  front-hatiimer  Stirnhammer.  23  Schwanzham- 
mer. 24  com  Daumen,  ca?«-r/ny  WeUkranz,  cam-ring  sAa/f  Daumenwelle.  25  Dampfhammer; 
liatnrner-block  Hammerklotz,  guides  Führung,  anril-block  Chabotte,  substructure  Unterbau, 
foundation  Fundamentirung,  Jrame  Gerüst,  lift  Hubhöhe. 
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and  subsequently  modified  and  improved  in  sonie  of  its  minor  de- 
tails.  In  this,  the  liamnitu-  is  attached  to  the  bottoni  of  a  heavy 
iiia.ss  of  iron,  the  'liamniur-block',  capable  of  rising  and  falling 
betweon  upriuht  bars  or  'i,'iiides';  this,  again,  is  fixed  to  the  rod 
of  a  pistoii  which  works  in  a  cylinder  phiced  perpendicuhiily  over 
the  'laninier-block,  lianinier,  and  anvil.  As  the  piston  rises  in  the 
cylinder,  it  lifts  the  attached  niass,  which  is  then  allowed  to  fall 
from  varying  heights,  accoi'ding  to  an  adjiistnient  which  can  be 
niade  by  an  attendant  simply  touching  a  handle.  The  adjustnients 
are  so  perfect  that  it  raay  be  made  to  crush  a  mass  of  iron,  and 
at  the  next  blow  to  crack  a  nut  held  in  the  fingers  without  damaging 
either  kernel  or  fingers,  or  to  crack  the  top  of  an  egg  in  an  egg- 
cup,  as  miglit  be  done  with  the  bowl  of  a  spoon.  The  mechanii<in 
by  which  this  is  eti'ected  is  too  elaborate  to  be  described  here  in 
detail.  One  novel  contrivance,  viz.  the  'lath',  which  reverses  the 
action  of  the  steam  valves  at  the  precise  moment  required,  is  of 
remarkable  ingenuity. 

In  the  first  'Nasmyths'  that  were  used,  the  weight  of  the 
descending  mass — viz.  the  hammei'-block,  hammer,  &c. — was  from  .30 
to  60  cwts.,  and  they  were  justly  regarded  as  mechanical  niarvels. 
Steam-hamniers  with  a  descending  mass  of  20  to  50  tons  have  since 
been  constructed.  In  order  to  compare  the  power  of  these  with 
the  helve  or  other  hammers,  which  descend  by  angular  motion  on 
a  pivot,  it  must  be  remembered  that  these  latter,  when  formed  of 
a  straight  bar,  are  only  eft'ective  to  the  extent  of  a  body  of  one 
third  of  their  own  weight  falling  directly  from  a  corresponding 
height,  on  account  of  the  fact  that  the  whole  bar  forming  the 
hammer  is  moving  with  a  velocity  vai-ying  from  nothing  at  the 
axis,  to  a  maximum  at  the  end  of  the  bar,  where  the  hammer-face 
is  fixed.  Chambeks's  Encyclopcüdia. 
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In  Michigan  and  Wisconsin,  Canada,  Maine,  and  Pennsylvania, 
the  lumber  -  business  is  carried  on  upou  a  large  scale.  An  instance 
may  be  given. 

1  Making  a  saw  involves  the  following  processes:  —  1.  Cutting  out  the  blade  from  the 
sheet.  2.  Toothing  with  a  press  and  appropriately  formed  dies.  'A.  Hardening,  by  plunging 
while  heated  into  an  oil-bath.  4.  Tempering  and  straightening;  the  latter  is  efifected  by 
haramering  on  an  anvil  or  by  compressing  several  blades,  while  bot,  between  two  dies 
worked  by  a  hydranlic  press.  5.  Grinding  and  polishing  with  emery-powder.  6.  Filing 
and  setting  the  teeth.  7.  Reheating  to  rcstore  the  elasticity  lost  in  tempering.  8.  Re- 
moving  the  scale  by  immersiou.  first  in  dilute  acid,  and  afterward  in  alkali  to  remove  the 
acid.  9.  The  handle  is  attached  and  the  blade  tested.  —  Saw-teeth  are  known,  according 
to  shape,  ruke,  interval,  set,  or  other  peculiarity  as  pf(j,  rieam,  gulltt,  cross-cut,  brier-iooth. 
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Perley  and  Pattee's  saw-milP  is  one  of  nine  situated  at  the 
Cliaudiere  Falls  of  the  Ottawa  River,  just  above  the  city  of  Ottawa, 
tlie  capital  of  the  Dominion  of  Canada.  Five  of  these  mills  are  on 
the  south  side  of  the  river  and  four  on  the  north  side.  One  is 
driven  by  steam. 

Perley  and  Pattee's  mill  is  a  composite  stone  and  frame  ^  building, 
the  main  part  of  which  is  84  X  112  feet,  with  an  L  48  X  121  feet, 
and  two  wings,  20  X  122  and  20  X  40,  respectively.  Beneath  the 
main  floor  is  the  heavy  sub-frame  in  which  the  water-wheels  and 
their  adjuncts  are  secured,  and  arranged  upon  the  floor  are  two 
sets  of  machines.  It  may  be  mentioned  here  that  each  of  these 
gangs  ^  is  driven  by  a  reaction  water-wheel,  known  technically  as 
the  Howe  reaction- icheel,  the  same  being  5  feet  in  diameter  and 
having  an  area  of  discharge  of  something  over  400  sqnare  inches. 
The  head  of  water  is  14  feet,  and  the  quantity  unlimited.  The 
power  upon  each  wheel  is  computed  to  be  equal  to  70  horses.  The 
cdgers  "^  and  Imtters  ^  are  driven  by  a  direct-action  ceDtral-discharge 
wheel.  The  volume  of  water  passing  to  each  wheel  is  graduated 
by  a  wicket  in  the  chute. 

The  logs  are  obtained  in  the  Ottawa  Country  at  various  points 
as  far  as  200  miles  above  the  falls.  At  the  various  rapids  log- 
slides  have  been  made,  toward  which  the  logs  are  directed.  The 
saw-mill  owners  have  combined  to  improve  this  water-way  for  logs, 
and  have  expended  i^  130,000  in  the  slides,  booms,  piers,  and  other 
improvements.  Perley  and  Pattee  employ  about  700  men  in  the  hush 
(as  the  forest  is  called  in  Canada)  and  300  spans  of  horses.  The 
logs  are  marked,  floated  down  the  river  to  a  point  about  30  miles 
above  the  city,  are  then  sorted  to  the  separate  owners  and  coUected 
in  the  ponds,  whence  they  pass  by  races  to  the  respective  raills. 
The  ponds  are  formed  by  booms  or  more  i^ermanent  structures. 
The  water  runs  from  the  icy  north,  and  never  slacks  except  in 
winter.  The  amount  "running  to  waste"  is  immense,  but  there  is 
no   more  land  around  the  falls  to   set  mills  upon, 

About  300  men  are  employed  in  the  mill-yard  and  in  shipping. 
As  a  precaiition  against  fire,  a  large  "Holley"  pump  is  rigged  in 
a  fire-proof  building   in   the  vicinity.     It  is  driven  by  an  SO-horse- 

hawVs-bill,  sh'p,  imtertable  foofh,  &c.  Ksight.  —  Saw-blade  Sägeblatt,  frame  Gestell,  Gatter, 
giillet-teeth  'Wolfszähne,  setting  Schränken,  satt-set  Schränkeisen,  kerf  Sägeschnitt,  sawdust 
Sägemehl;  back-saw  Kückensäge,  sweep-saw  Schweifsäge,  renei-r-saw  Fournirsäge,  frante- 
naw  Spanusäge,  pit-sav  Schrotsäge,  cross-cut  saw  Quersäge,  ribhon-satv  Bandsäge,  circular 
saw  Kreissäge,  saw-mill  Sägemühle,  feed  Zuführung,  dog  Klammer,  log  Stamm,  Block,  slah 
Schwarte,  to  edge  abschwarten:  s.  auch  Xr.  l'O.  -  Lumher,  timber  sawed  into  merchantable 
forms.  Slock-lumber,  lumber  of  regulär  market-size;  dhnension-lumber,  luraber  sawu  to  specific 
sizes,  as  ordered.  i^  Frame  (Carpentry),  the  skeleton  structure  of  a  wooden  building,  con- 
sisting  of  sills,  posts,  beams,  sleepers,  joists/iaud  rafters,  with  the  studding  that  is  to  form 
partitions.  *  (rang,  a  set  of  tools  so  attached  together  or  to  a  common  stocK  as  to  act 
together;  as  a  gang  of  bits,  a  gang-plow,  <ic.  Gang-sau-,  an  arrangement  of  saws  placed 
parallel  in  a  gate,  so  as  to  make  a  number  of  kerfs  simultaneously,  ripping  up  the  log 
into  lumber  at  one  passage  along  the  ways.  lu  the  large  saw-mills  of  the  lumber  regions, 
these  saws  are  known  as  slabbing-gangs,  stock-gangs,  Yankee-gangs,  live-gaugs,  differing 
in  certain  particulars  and  purposes. 
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power  water-wheel ,  cuUed  into  action  sliould  occasion  requlre.  It 
(ielivers  four   1.', -iiich  streania  through  four  hoso. 

The  capacity  of  the  mill  is  froiu  250,(X)0  to  300,000  feet,  board 
measure,  per  24  hoiirs,  runniug  day  and  night  ior  G  montlis  of  thf 
year.  The  niill  contains  two  sefs  ot"  niachinery.  A  sot  consists  ot"  a 
slahbiug-ff(t))(j-\  stock-ffanr/*',  and  yHnkce-gang,  succeedod  by  a  doiihle- 
edffcr  ^  and  äaithlr-hnitcr.  •*  The  slohhing-ganc/  and  stock-gang  act 
consecutively  upon  logs  over  21  inchea  in  diameter.  The  Ycmkee- 
gang  is  similar  to  the  two  former,  but  the  respective  gangs  are  in 
more  inimediate  proxiniity,  for  the  sake  of  corapactness  and  con- 
venienoe. 

The  logs  are  drawn  t'rora  tlie  fore-bay  by  grapples'attached  to 
an  endless  cliain.  üeing  pbiced  on  the  ways,  each  is  dogged  '  between 
a  head  and  tail  bh)ck  on  an  endless  chain,  which  advances  it  to  the 
.slabbing-gang.  Thus  they  pass  continuously,  there  being  no  gigging- 
back.  The  saws  are  an-anged  to  leave  a  central  balk  of  a  width  eqnal  to 
the  width  of  the  boards  to  be  sawed  therefrom  in  the  succeeding  Opera- 
tion (the  stock-gang).  The  sides  of  the  log  are  ripped  into  boards  by 
the  slab-saws,  the  result  being  a  central  balk  and  two  sets  of  slab- 
boards  with  wany  edges.  Tliis  is  delivered  beliind  the  gang  of 
saws,  and  another  log  advances  to  the  saws.  The  balk  is  then 
transferred  to  the  stock-gang,  lying  lipon  one  of  its  flat  sides,  and 
is  ripped  into  boards  by  the  gang  of  saws.  The  work  on  the 
Yankee-gang  is  similar,  but,  the  logs  being  lighter,  the  gangs  and 
ways  are  placed  nearer  to   each  other. 

The  slab  boards  or  wany  stuff  from  the  sides  of  the  log  are 
then  taken  to  the  douhle-edging  machine  ^,  which  has  two  saws,  one 
being  peitnanent  and  the  other  adjustable  on  its  mandrel  by  means 
of  a  lever,  the  saw  moving  on  a  spline  in  the  usual  manner.  This 
adjustability  is  for  the  purpose  of  edging  boards  of  varying  width. 
The  boards  are  then  lifted  on  to  a  double-butting  machine,  which 
Squares  the  ends  and  brings  them  to  a  uniform  length,  12,  14, 
16,  itc,  as  the  case  may  be.  Logs  are  cut  13  feet  long  for  12-feet 
lumljer,  and  the  mill  works  for  a  while  on  16- feet  and  then  on 
12-feet  stuff.  The  donhle-huüing  niacJiine-^  has  a  pair  of  endless 
chains  travelling  in  parallel  planes,    and  having  dogs    at    equal  and 

0  The  slabbing-gang  is  an  arrangenient  of  saws,  by  which  a  log  is  cut  into  a  central 
balk  of  the  required  width,  and  the  slab  simultaneously  ribbed  into  boards  of  the  desired 
thicknesa.  ß  By  the  stock-gang,  a  log  or  balk  is  reduced  to  boards  at  one  passage.  The 
live-gang  is  so  arranged  as  to  cut  through  and  through  the  logs  without  previous  slabbing. 
Iran«"!/,  the  feather-e<lge  or  acute  angular  edge  of  a  slab-board.  cut  from  a  round  log 
without  previous  squaring,  or  obtaiued  iu  the  process  of  squaring.  "  The  dog  is  a  rod 
on  the  head  or  tail  block  of  a  saw-mill  carriage,  by  which  the  log  is  secured  in  position. 
Head  block,  the  block  on  which  the  head— or  forward  end  — of  a  log  rests  in  the  ordinary 
saw-mill;  the  other  end  is  the  tail-hlock,  and  they  are  parts  of  the  carriage  on  which  the 
log  is  moved  to  the  saw  and  gigged  back,  s  xhe  edyrs  are  circular  saws  w^hich  remove 
the  bark  and  wauey  from  a  board:  the  daubU-edger  has  one  permanent  saw  and  one  ca- 
pable  of  regulation,  so  as  to  adapt  the  pair  of  saws  to  edge  boards  of  varying  width. 
9  Butler,  a  macliine  for  sawiug  off  the  ends  of  boards;  in  double-hiilters  one  saw  is  per- 
manent and  the  other  adjustable  by  a  spline  on  a  grooved  inaudrel. 
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coiBcident  distances.     The  board   is   advanced   by    them    to  the  two 
saws,  and  the  ends  are  butted  simultaneously. 

The  slabbing-saws  are  of  Ni*.  9  gauge,  and  5,  6^,  or  7  feet  long. 
The  stock-saws  are  Ni\  11  gauge,  and  IJ  feet  long.  The  gauge  is 
the  Stub"s  wire-gauge.  Four  hundred  saws  are  used  or  in  reserve, 
and  eight  men  are  employed  in  gumming  ^''j  swaging^^  the  points, 
and  tiling. 

The  edges  of  the  slabs  are  worked  into  sash,  blind,  and  door 
stuff,  and  the  refuse  ground  up  in  a  machine  to  chips,  which  are 
passed  with  the  sawdust  into  the  river.  The  authorities  do  not 
allow  larger  stuff  to  be  thrown  into  the  river,  as  it  tends  to  ob- 
struct  navigation.  In  some  mills,  the  pieces  obtained  by  butting 
the  boards  are  sold  to  be  worked  into  matches. 

The  Basin  Mill  at  Orono,  Maine,  is  440  feet  long,  66  feet  wide, 
has  4  gaug-saws,  5  single-saws,  2  circular-saws,  5  lath-machines, 
1  shingle  and  1  clapboard-machine.  It  saws  daily  200,000  feet  of 
long  lumber,  200,000  laths,  10,000  shingles,  and  4000  clapboards, 
and  by  requirement  of  law  burns  up  about  120  cords  ^^  of  waste 
wood  each  day. 

Edward  H.  Kxight. 
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FoR  the  complete  description  of  almost  every  individual  file,  five 
different  properties  must  be  stated: — First,  its  length;  secondly,  its 
contour;  thirdly,  the  form  of  its  cross  section;  fourthly,  the  kind  of 
'cut'  by  which  its  teeth  are  formed;  and  lastly,  its  degree  of  fineness. 
The  examples  represented  in  Fig.  5  will  explain  this;  the  first  of 
them  being  a  9-inch,  taper,  half-round  smooth  rasp;  and  the  third 
a  6-inch,  taper,  three-square,  second  single-cut  saw-file.  With  these 
characteristics  we  will   deal  seriatim. 

The  lengtli  ^  of  a  file  is  measured  in  inches  from  the  Shoulder 
to  the  extremity,  the  tang-  or  point  for  driving  into  its  handle 
not  being  included. 

The  contour  is  described  by  the  terms  parallel  (or  hlwü)  ^,  and 
taper  (or  pointed)  *,  which  explain  themselves.  But  'parallel'  includes 
all  files  of  which  the  width  is  tolerably  uniform  throughout,  although 

10  Gummer,  an  apparatus  for  deepening  and  enlarging  the  interdental  Spaces  of  saws. 
11  Saic-swage,  a  form  of  punch  or  striker  by  -which  the  end  of  a  saw-tooth  is  ilattened  to 
give  it  width  aiid  set.  12  cord,  a  solid  measure,  equivalent  to  128  cubic  feet;  or  a  pile 
R  feet  long,  4  feet  high,  and  4  feet  broad; — so  caÜed  because  a  cord  or  line  was  formerly 
used  in  measiiring  by  this  Standard. 

1  Länge.  2  Angel.  3  gleichbreit,  überall  von  gleichem  Querschnitt,  stumpf.  *  sich 
verjüngend,  spitz;  taper  file  Spitzfeile. 

*  S.  Technical   Vocabulary,   S.  163. 
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tlie  tliickiicss  inay  be  considcrubly  greater  near  tlie  centre  tlian  at 
tlio  ends.  Indeed  very  few  files  have  their  section  really  equal 
tliroughout  their  leiigth.  Files  are  sometimes  said  to  be  more  or 
li'ss  helUcd  •'•  according  as  tliey  are  miich  or  only  slightly  tapered. 
In  the  latter  case  tliey  may  also  be  described  as   hhint-pointed. 

In  Fig.  <)  types  of  most  of  the  file  secfions  in  common  use  are 
given.      They  are  known  by  the  foUowing  names: — 

A.  Scjuarc  filcs '',  which  are  made  both  taper  and  parallel. 
They  frequently  have  one  safe^  slde;    ?.  e.  one  side   left  smooth. 


M  N 


Fig.  6.    Sections  of  Files. 


Fig.  5.    Files  aud  Rasp  0  g)- 


B.  Fiat  files  ^,  amougst  which  a  large  proportion  of  the  files 
used  for  mechanical  work  must  be  included,  although  many  of  tliem 
have  special  names  \>\  which  their  variations  in  width,  thickness, 
and  outline  are  distinguished.  Such  are: — Hand  files^,  which  are 
nearly  parallel  as  to  their  width,  but  whose  thickness  is  far  from 
being  uniform  tliroughout.  Taper  flat  files  ^^  vary  to  a  still  greater 
extent  in  thickness,  and  also  have  their  sides  'bellied'.  Parallel 
hand  files  approach  more  nearly  than  band  files  to  unifoiTuity  of 
thickness  and  width,  and  eqtiallmg  filcs  ^^  attain  to  it  in  point  of 
thickness,  and  are  generally  also  parallel  in  width,  and  thinner  than 
most  of  the  jireceding  ones.  Pillar  files  ^'-  and  Cotter  files  ^^  are  of 
rectangular  section,  but  narrower  than  hand  files.  The  edges  of 
Mill-saic  or  Topping  files  ^*   are    frequently  rounded  as  in  the  half- 

8  bellied  bauchig,  g  vierkantige  Feile.  ^  ohne  Hieb.  «  flache  Feile,  Plattfeile.  9  Hand- 
feile. 10  spitzflache  Feile,  u  Ausstreichfeile.  12  düunflache  Feile.  13  dickflache  Feile. 
1*  Mühlsägefeile;   toppin;/  =  reducing  to  an  exact  letel  the  points  of  the  teeth  of  a  sau-. 
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section  c,  Fig.  6.  Some  hand,  equalling,  and  other  files  have  their 
edges  similarly  rounded,  and  some  have  bevelled  edges,  as  in  the 
half-section  D  in  the  same  figure. 

E.  Round  files '^'•'^  when  ßmall  and  taper,  are  known  as  rat-iail 
files.  ^^  Under  the  nanie  gf  Gulletting  files  parallel  round  files  are 
very  largely  nsed  for  deepening  the  'gullets'  ^^  of  the  saw-teeth  of 
that  name. 

F.  Frame-saw  or  Pit-saw^^  files  are  parallel  (or  sometimes 
taper)  files  of  this  section,  which  can  be  used  for  both  'gulletting' 
and  'topping'. 

G-.  Half -round  files^^  are  almost  ahvays  taper.  Those  of  the 
section  F  have  niore  right  to  the  name,  but  they  ar«  not  included 
except  as  'high-back  half-round'.  Most  of  the  half-round  files  made 
in  Sheffield  are  nearly  of  the  proportions  given  in  the  section  (g); 
but  those  made  in  Lancashire  are  of  three  difi"erent  'heights';  the 
thicker  and  the  thinner  sections  being  known  as  Mgh-bacJc  and  flat- 
hach  respectively. 

H.  Gross  or  crossin g  files '^'^,  sometimes  called  douhle  half-round. 
They  are  made  both  taper  and  parallel. 

K.  Three-square  files  ^^  are  very  much  used  both  for  sharpening 
saws  and  for  general  purposes. 

L.    Cant  files,  generally  parallel,   and   cut  on  all  ihree  sijdes. 

M.    Knife-edge  or  Knife  files  ^^,  either  taper  or  parallel. 

X.    FeafJier-edge  files '-,  almost  always  parallel. 

Many  of  the  small  files  used  by  clock  and  watch  makers, 
although  the  sections  resemble  those  above  given,  are  known 
amongst  them  by  special  names,  derived  for  the  most  part  from 
the  particular  use  to  which  they  are  chiefly  applied.  Thus  the 
crossing  file  (h,  Fig.  6)  in  all  probability  owes  its  appellation  to 
the  convenience  of  its  section  for  filing  out  the  cross  arms  of  clock 
wheels.  Neither  this  nor  the  'cant',  'knife',  or  'feather-edge'  files 
are   often  to  be  found  in  the  Workshop   of  the  engineer. 

Ruhbers^^  are  large  and  coarse  files,  made  of  an  inferior  quality 
of  steel,   which  are  sold  by  weight. 

Bent  files,  called  R/filers'-'^,  are  made  of  various  degrees  of 
curvature. 

With  regard  to  the  various  kinds  of  cut-'^  by  which  file  teeth 
are  produced,  we  must  mention  that  English  files  are  divided  into 
two  distinct  classes — Sheffield  files  and  Lancashire  files  (Sheffield 
and  Warrington  being  the  places  where  they  are  chiefly  made),  and 
that  these  diff'er  from  each  other  in  several  particulars.  Of  these 
the  most   important  formerly  was    the    superiority  of  those  made  in 

15  rumle  Feile.  16  Eattenschwanz.  ^~  s.  Xr.  16.  is  halbrunde  Feile;  ßat-back  half- 
round  flacbhalbrund.  19  Vogelzunge  oder  doppeltruude  Feile.  2o  dreikantige  Feile. 
21  Messerfeile.  22  Einstreichteile.  23  Armfeile,  Liegefeile.  2-t  Riffelfeile.  25  cut  Hieb, 
file-cuttinrj  das  Feilenhauen,  ßle-cutler  Feilenhauer,  ßrst  course  Grundhieb,  second  course 
Kreuzhieb,  Oberhieb. 
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Lancashire  in  i-espect  botli  of  form  and  durability,  but,  as  far  at 
least  as  the  largor  kinds  are  concerned,  this  no  longer  holdß  good 
ti»  a  sufficient  extent  to  compensate  for  their  liigher  pnce,  altbough 
the  small  files  used  in  clockniaking,  &c.,  are  ntill  exdusively  Lan- 
cashire.     To    one    point    of   diftVrence    butvveen    them    attention    has 


llOrilLK-CTTT. 


Kougli. 


Second-Cut. 


FLOAX-CÜT. 


Kougli. 


Fig. 


Smootb. 


Dead-Smootb. 


EASP-CUT. 


already  beeu  called  in  connection  with  the  'half-round'  sectiou  (g, 
Fig.  6);  auother  is  the  fact  of  the  'cut'  of  Lancashire  files,  beiiig 
only  of  the  first  kind  represented  in  Fig.  7,  so  that  our  description 
must  be  understood  to  apply  only  to  tliose  sold    as  'Sheffield'. 

In  Fig.  7  are  represented  the  three  principal  kinds  of  cut  by 
which  files  are  divided  int(5  Douhlc-cut  files -'^  (which  are  always 
meant  when  'files'  are  spoken  of  without  any  particular  cut  being 
specified),  Single-cut  files  or  Floats-'',  and  ItasjJS.-^     Besides  these 


2ö  zweihiebige  Feile.     -"  eiuhiebige  Feile.     -8  Kaspel. 
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tliere  is  also  aiiother,  whicli  differs  from  tlie  first  only  in  the 
obliquity  of  its  two  series  of  cuts  (one  of  them  being  almost  square 
across  the  file):  it  is  known  as  the  Keiv  cut,  and  is  said  to  have 
special  merits  for  filing  wi'ought  iron.  But  of  all  of  them  the  first 
is  by  fai'  the  most  largely  employed,  almost  all  the  files  used  for 
metal,  as  well  as  cabinet-makers'  files,  and  many  others,  being  double- 
cut.  Saw  files,  howevei",  are  an  exception,  all  varieties  of  them  being 
frequently,  though  by  no  means  invariably,  single-cut;  these  when 
in  use  being  considered  by  many  persons  to  'cut  sweeter'  than  those 
which  are  double-cut.  To  these  the  term  'float'  is  not  applied; 
floats  are  extensively  used  for  preparing  brass  for  burnishing,  rasps 
being  chiefly  used  for  wood,  bone,  and  other  comparatively  soft 
materials. 

In  addition  to  the  kinds  of  cut,  the  preceding  figure  shows  also 
many  of  the  degrees  of  fineness  in  which  files  are  made,  together 
with  the  names  by  which  they  are  distinguished.  ^^  The  teeth  are 
represented  of  the  actual  sizes  which  they  would  be  in  files  12  inches 
long,  those  of  smaller  files  being  finer,  and  those  of  larger  ones 
somewhat  coarser.  The  complete  series  is  given  in  the  case  of  the 
double-cut  only,  both  floats  and  rasps  being  also  made  of  about 
six  different  degrees. 

As  far  as  the  double-cut  is  concerned,  the  engraving  represents 
with  tolerable  truth  the  teeth  of  Lancashire  as  well  as  of  Sheffield 
files,  but  among  the  former  the  finest  are  known  as  snperßne,  and 
not  as  'dead-smooth'.  The  number  and  the  accuracy  of  the  teeth 
in  some  of  these  is  certainly  wonderful.  Mr.  Holtzapffel  '^^  mentions 
having  himself  found  that  one  of  the  smallest  and  finest  Lancashire 
files  contained  nearly  300  cuts  per  inch  of  its  length;  yet  these 
are  produced  entirely  by  band — machine -cutting,  although  it  has 
been  carried  out  with  some  success  on  the  continent  of  Europe, 
having  hitherto  made  but  little  headway  in  this  country, 

C.  P.  B.  Shelley,    Worl^slioj)  Appliances. 
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The  turning-lathe  ^  proper,  having  its  work  suspended  on  hori- 
zontal centres^,  appears  to  have  been  unknown  in  Egypt,  but  was 
mentioned    by    the    Gi'eek   writers    some    centuries    before    our    era, 

• 

2!»  fineness  Feinheit;  rousli  grob,  bastard  Bastard,  second-cut  Halbsclilicht ,  smoof!i 
Schlicht,  dead-smooth  oder  supeifine  Feinschlicht;  bastard  ßle  Bastardfeile,  smooth  file 
Schlichtfeile  u.  s.  w.     so  Verfasser  des  Werkes  '^Ttirninff  and  Mechanical  Manipulation". 

1  Drehbank.  2  centre  Spitze,  Korn;  decid  centre  feste  oder  tote  Spitze,  centreinp  das 
Körnen,  Centriren,    cenfreing  puncii  Körner,  Mittelsucher. 

*  S.   Technical  Vocabularij,   eh.  .'i4. 
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;incl  was  eniployed  on  wood.     Its  iise  for  metal  is  of  comparatively 
lecent  origin. 

Tlie  credit  of  tlie  invention  is  given  by  Diodorus  Siculus  ^  to 
Talus,  the  grandson  of  Da^dalus,  about  1240  b.  c,  and  by  Pliiiy  ^ 
to  Theodorus  of  Samos.  The  initial  mode  is  probably  the  pole- 
lathc^,  in  which  the  stick  of  wood  is  suspended  on  two  centers 
and  rotated  by  power  applied  directly  to  it,  wliile  a  cutting-tool  ^ 
is  supported  on  a  rest  ^  and  brought  into  contaet  witli  the  rotating 
wood.  An  advanced  form  would  be  to  apply  the  power  to  a  mandreP^ 
whose  end  formed  one  of  the  centers  and  upon  which  the  wood 
was  chucked.  ^^  The  lathe  of  the  native  East-Indian  consists  of 
two  upright  pieces  of  wood  driven  into  the  ground  at  the  requisite 
distance  for  holding  the  work,  with  spikes  projecting  horizontally. 
The  work  is  held  between  these  sjiikes  and  niade  to  rotate  back- 
ward and  forward  bj*  a  bow  held  in  the  left  band,  and  the  string 
of  which  is  passed  once  round  the  wood. 

The  earliest  screw-lathe ''  known  is  one  described  in  the  work 
of  Jaques  Besson  published  at  Lyons,  France,  in  the  year  1578. 
This  curious  lathe,  which  is  also  illustrated  and  described  on 
page  Gl 6,  Vol.  II,  Holtzapffel's  "Turning  and  Mechanical  Manipu- 
lation", has  its  tool  traversed  alongside  the  work  by  means  of  a 
guide-screw,  which  is  nioved  simultaneously  with  the  work  to  be 
operated  upon,  bj'  an  arrangenient  of  pulleys  and  cords.  ^  Besson's 
machine  was  capable  of  cutting  screws  of  any  pitch^'^  by  the  use 
of  pulleys  of  difterent  diameters,  and  could  be  made  to  cut  right- 
hand  and  left-haud  screws  at  pleasure,  by  crossing  or  uncrossing 
the  cord.  The  inventor  also  describes  its  application  to  elliptical, 
conical,  or  other  solids. 

A  metal-turning  lathe,  in  its  most  esseutial  details,  is  found 
described  on  jiage  214  of  "Mechanick  Exercises,  or  the  Doctrine  of 
Handy  "Works",  by  Joseph  Moxon,  hydrographer  to  king  Charles  IL, 
printed  in  London,  1694.  This  is  cited,  however,  rather  as  one  of 
the  earliest  intelligible  and  illustrated  descriptions  which  bave  come 
down  to  US,  than  as  fixing  the  actual  date;  for  evidence  exists  of 
its  much  earlier  origin. 

In  the  earliest  construction  of  the  lathe.  the  sUdc-rest  •*  was  the 
first  great  step  toward  the  principle  of  the  slidc  Jaihe,  and  no  doubt 
led  to  that  invention,  which  was  considered  impracticable  before 
planing-machines  ^^  were  made  of  sufficient  magnitude  to  plane  a 
lathe-?>erf^^   of  even  small  dimension.     A  few   slide-lathes    had  been 

3  s.  Xr.  5,  5.  *s.  I,Nr.  .36,  3.  ^  Wippendrehbank.  ^  turning-toolTix^hsXAXii^turning-chisel 
Drehmeissel,  turning-goupe  Hohl-  oder  Schrotmeissel,  parting-tool  Stichstahl,  side-tool  Aua- 
drehstahl,  outside  (inside)  screw-tool  axiswendiger  (iuwendiger)  Schraiibstahl,  hook-tool 
Hakenstahl,  heel-fool  Drehhaken,  grater  Brehstichel.  "  scretr-cutting  lathe  Schrauben- 
schneidbank,  leading  screu-  Leitspindel;  s.  Nr.  5.  8  g.  Xr.  7.  9  rest  Auflage,  slide-rest 
Support,  feste  Auflage,  s'.ide  Schlitten,  s'ide-lathe  Cylinderdrehbank.  i"  planing-machine 
Hobelmaschine,  plane  Hobel,  planing-tool  Meissel,  Stichel  u.  s.  w.,  s.  Techn.  Voc,  S.  162 
H.  167.    11  bed  Bett,   cheek  Wange. 

■Wershoves.    II.  A 
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made,  tlie  beds  of  wliich  were  composed  of  a  timber  framing^^^ 
covered  with  iron  plates  oii  the  upper  side  to  preserve  the  surface, 
similar  to  tbose  which  were  previously  used  for  the  ordinary  liand- 
latbes,  with  the  exception  that  the  outer  edges  of  the  iron  plates 
were  made  of  suitable  shapes  to  form  the  V's  for  the  carriage 
to  slide  lipon.  It  was  not,  however,  until  some  time  after  the 
introduction  of  the  planing- machine  that  slide -lathes  came  into 
general  use,  and  their  utility  Avas  fully  acknowledged. 

The  application  of  the  scretv  to  the  slide-latlie,  so  as  to  render 
it  capable  of  both  sliäing  and  screio-cutting'^,  was  the  next  im- 
portant  improvement;  and  a  great  amount  of  time,  perseverance, 
and  capital  was  expended  by  a  few  persons  in  endeavouring  to 
perfect  this  portion  of  the  lathe.  A  short  screw  was  first  made,  as 
accurately  as  possible  with  the  rüde  means  then  possessed,  from 
which  one  was  out  dovible  the  length,  by  changing  the  turned  bar 
end  for  end  in  the  lathe  after  cutting  one  half.  Subsequently,  by 
following  out  this  principle,  screws  were  made  of  any  length 
required. 

After  this,  the  surfacing  motion'^^  was  introduced,  and  also  the 
use  of  a  shaft  at  the  back  of  the  lathe,  in  addition  to  the 
regulär  screw,  for  driving  the  sliding  motion  by  rack  and  pinion, 
instead  of  both  the  motions  of  sliding  and  screw-cutting  being 
worked  by  the  screw  alone;  for  it  was  found  that  the  threads  ^^  of 
that  portion  of  the  screw  nearest  the  fast  head-stock,  being  most 
in  use,  were  worn  thinner  than  the  other  parts;  and,  in  consequence, 
the  lathe  did  not  cut  a  long  screw  with  the  degree  of  accuracy 
which  it  would  otherwise   have  done. 

Thus,  step  by  step,  improvements  were  gradually  brought  for- 
ward;  the  fore-jaio  and  universal  chucls^^  and  other  important 
appliances  were  added,  so  as  to  render  the  lathe  ajDplicable  to  a 
great  variety  of  work,  even  cutting  spiral  grooves  in  shafts,  scrolls 
in  a  face-xüate'^^,  skew-wheels,  and  also  turning  articles  of  oval, 
spherical,  or  other  forms.  The  duplex  latJw^^,  with  one  tool  acting 
in  front  and  the  other  behind  the  work,  is  also  found  to  be  a  very 
useful  arrangement  for  turning  long  shafts,  cast  iron  rollers,  cylinders, 
and  a  great  variety  of  work,  where  a  quantity  of  the  same  kind 
and  dimensions  has  to  be  turned. 

The  slide-rest  ^  is  the  invention  of  General  Sir  Samuel  Bentham, 
and  is  the  precursor  and  original  of  the  planing -machine  for 
metal, 

Since  the  beginning  of  the  Century,  numerous  improvements  in 
the  lathe,   some  of  them  valuable,   have  been  made   the  subjects  of 

12  Gestell.  13  surfacing  das  Flach-,  Plaudrelien,  surfacing  lathe,  face  lathe  Scheiben- 
drehbank,  face-plate  Planscheibe,  i*  s.  Nr.  5.  is  chuck  Futter,  universal  chuck  TJnlversal- 
futter,  oval  chuck  Ovalwerk,  cup-chuck  Klemmfutter,  chucking  das  Einfuttern.  16  Duples- 
drehbank. 
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letters-patont;  sd  mnncrous,  indcutl,  tiiat  a  bare  rccitation  of  their 
titles  would  lill   cousiderable  space. 

Lathes  are  known  by  various  names,  according  to  construction, 
modo  of  driving,  &c. 

The  har-latlic^^  has  a  single  beam  or  shear,  generally  of  a 
triangubir  sliape.  On  this  tlie  heads  or  puppets  -^  slip.  The  hed- 
laihc  is  the  usual  form,  and  lias  two  pai'allel  shears.  Tlie  ccntcr- 
lathc^^  has  head  and  tail  Stocks,  wliicli  afiford  centers  for  cach  end 
of  tlie  work  turned.  The  diuclc-lathe  supports  the  work  being 
turned,  by  means  of  a  grasping  tool  or  socket  on  the  mandrel'''-^ 
of  the  head-stock.  The  foot-lathe^^  is  driven  by  a  treadle.  The 
(/conictric-lathc  is  an  instrument  for  producing  wavy  or  eccentric 
patterns  witli  a  geueral  concentric  arrangement.  The  hancl-lathc  is 
driven  by  a  crank  or  bow,  and  is  of  small  size,  for  the  bench  or 
table.  The  last-lathc  is  a  lathe  for  tui-ning  irregulär  forms.  The 
tnandrcl-Jathe  supports  the  work  on  a  spindle,  which  is  attached  to 
the  axle  of  the  head-stock,  or  on  the  head  and  tail  centers,  according 
to  circumstances.  The  pivot-lathe  is  a  small  bench- lathe  whose 
centers  are  the  ends  of  rods  clamped  in  the  heads  and  not  par- 
taking  of  the  revohition.  The  pole-lathe^  supports  the  work  on 
puppets,  and  the  coi-d  passes  from  the  treadle  two  or  three  times 
round  the  work,  and  then  upward  to  a  spi'ing-bar.  The  poicer- 
lathc'-^  is  driven  by  horse-power,  water,  or  steam.  The  rosc-enginc^^ 
has  a  rotating  axis  in  the  head-stock,  to  which  the  work  is  attached. 
The  tiirn-hcnch^^  is  a  small  portable  lathe  for  the  work-bench  or  desk. 

The  parts  of  a  lathe  are, — 

The  hed,  shears,  cJicc7cs,  sides^^,  on  which  the  puppets  slide. 
The  xmppcts-'-j  which  form  the  hcad-stoclc  and  taü-stocl:  The 
mandrel-^,  or  live  spindle  of  the  live  head,  and  on  which  is  the 
speed-pulley.  ^•'  The  centers  on  the  live  or  front  spindle  ^  and  the 
dead  or  bach  spindle,  respectively,  on  which  the  work  is  turned. 

'Y\iQ  ßij-%vlicel^'^  (of  a  foot-lathe),  on  which  is  the  cord  passing 
to  the  specd-pidley  of  the  head-stock. 

The  treadle^  ov  foot-hoard'^^,  to  which  the  power  is  applied. 

The  collar-plcde,  cone-plate,  facc-iilate,  chucJc,  or  other  means 
for  connecting  the  work. 

The  rcst  for  the  tool. 

Knight,  American  Mechanical  Bictionary. 

17  Prismadrehbank;  the  triangulär  bar  die  Laufatange,  das  Prisma.  18  Spitzendrehbank; 
work  Arbeitsstück.  19  foot-lathe  Fussdrehbank,  treadle  Tretschemel,  ßy-wheel  Schwungrad, 
speed-pulley,  s.  Nr.  7,  i.  -o  Jlaschinendrehbank.  2i  Patronendrehbank,  Guillochirmaschine. 
2-  puppet  Docke,  tnandrel-stock ,  (fast)  headstock  Spindeldocke,  loose  headstock,  tail-stock 
Beitstock,  Spitzdocke,  back-centre  Eeitnagel,  Pinne.    23  Spindel.     -*  Drehstuhl. 
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19.    DRILLING  MACHINE. 

The  chief  qualifications  essential  to  a  di-illing  macliine  ^  wliicli 
is  to  be  used  for  miscellaneous  work  are  as  follows:  First,  it  must 
be  capable  of  being  readily  connected  witb  the  sliafting^^  by  which 
the  driving  power  is  transmitted  to  tlie  various  parts  of  a  Workshop-, 
and  in  such  a  manner  tliat  the  speed  of  the  drill  ^  can  be  varied; 
secondly,  it  must  be  provided  with  an  efficient  and  variable  'feed 
motion'^;  and,  thirdly,  it  must  have  a  perfectly  firm  'table' ^  for 
the  reception  of  small  articles,  which  must  offer  as  little  obstruction 
as  possible  to  large  ones.  Stability  and  strength  of  framing^  are 
of  course  most  important  qualities  for  all  machine  tools  ^,  though 
they  are  not  invariably  to  be  found  in  the  frames^  of  drilling 
machines. 

The  figure  shows  a  Sinffle-Geared  BrUling  Machine,  of  which 
the  Upper  part  is  a  good  type  of  these  machines  in  their  simplest 
form;  there  are  some  peculiarities,  which  we  will  notice  directly. 
In  all  ordinary  drilling  machines  the  spinale^  which  holds  the  drill 
is  placed  vertically,  so  that  a  short  horizontal  shaft,  connected  with 
it  by  bevil-wheels  ^,  is  necessary  to  enable  it  to  be  driven  by  a  belt  ^^ 
from  any  main  line  of  shafting,  or  from  a  countershaft  ^^  these 
being  invariably  horizontal.  The  conical  spceä  pulley'^'^,  which,  by 
being  driven — as  in  the  case  of  a  power-lathe  ^^  —  from  a  sirailar 
puUey  with  the  cone  reversed,  enables  considerable  Variation  of 
speed  to  be  obtained,  is  placed  within  the  framing,  so  as  to 
bring  it  much  closer  to  the  bevil-wheels ,  i^art  of  the  framing 
being  then  above  it;  but  this  arrangement,  though  somewhat  more 
compact  in  appearance,  has  the  disadvantage  of  almost  always  re- 
quiring  the  machine  to  be  ei'ected  vei'tically  under  and  parallel  to 
the  driving-shaft  1  \  to  enable  the  belt  by  which  it  is  di'iven  to  run 
clear  of  the  framing. 

This  framing  (and  also  that  of  the  'radial  drilling  machine), 
should  be  noticed,  being  good  examples  of  the  excellent  System 
of  Casting  ^^  them  hollow  and  in  one  piece,  which  was  introduced 
some  twenty  years  ago.  To  turn  out  these  complicated  Castings 
without  defects,  and  of  uniform  thickness,  requires  no  small  amount 
of  skill  in  the  moulder's  ^^  difficult  art. 


1  Bohrmaschine,  Löcherbohrmascbine;  boring  j>iac7ii«e  Ausbohr-,  Cylinderbohrmaschine. 
2  Werkstätte.  3  drill  Bohrer,  Drillbohrer,  drill-bow  Drillbogen,  twisted  drill  Schrauben-, 
Spiralbohrer,  forked  drill  Zweizahubohrer,  rose  drill  Kronbohrer,  rotcfiet-brace 'Ratschhohrer, 
Bolirknarre,  brace  Brustleier,  Kurbel,  bevil-ulieel  drill-stock  Eckenbohrer;  bitt  Bohreisen, 
Beissel,  quill-bitt  Bohrlöffel,  nose-bitc  Hohlbohrer  mit  Halm,  centre-bilt  Centrumbohrer. 
*  feed  Zuschiebuug,  Vorschub,  vgl.  Nr.  20,  'j.  5  Tisch,  Bohrtisch.  6  Gestell.  "  Werk- 
zeugmascliine.  8  Bohrspindel,  Bohrstange.  ^  konisches  oder  Winkelrad,  s.  Nr.  6.  i"  Kie- 
men, s.  Nr.  7.  11  shaft  Welle,  driving-shaft  Triebwelle,  i-  Stufenseheibe.  13  Maschiuen- 
drehbank,  s.  Kr.  18.  i*  Casting  Giessen,  Giesserei,  noidder  Former  u.  8.  w.,  s.  Teil  I, 
Kr.  28,  d. 
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Tliis  niachino  ia  providoil  with  a  'screw-feecV  ■*  worked  by  liand, 
of  whioli  tho  geueval  arraiigement  appears  with  great  distinctness 
in  the  engraving;  the  effect  of  tuvning  tho  hand-wheeP*  being 
obviously  to  raise  or  lowev   the  drill-spindlo.  '^ 


The  advautages  which  resiilt  from  making  power-lathes  *self- 
acting'  ^^  are  ahnest  equally  great  when  the  same  principle  is  applied 
to  drilling  machines.  With  the  screw- feeding  arrangement  above 
described,  it  is  simply  necessary  to  impart  to  the  hand-wheel  a 
continuous  slow  motion,  derived  from  some  neighbouring  moving 
part,  to  cause  the  drill  to  cut  with  perfect  uniformity,  instead  of 
at  one  moment  making  little  or  no  progress,  and  at  the  next  having 
its  strength  unduly  taxed  through  the  inconstant  attention  of  a 
workman.  This  is  usually  eftected  in  the  following  mode.  Running 
loose  upon  the  vertical  shaft  of  the  hand-wheel  is  a  worm-wheel  ^^, 
which  is  constantly  being  driven  by  au  endless  screw  fixed  upon  a 
light  horizontal  shaft;  this  shaft  being  connected  with  the  hoi'izontal 
driving-shaft  by  a  short  belt  passiug  over  a  pair  of  small  speed- 
puUeys.'^     Keyed^"*    upon   the  vertical   shaft    is   a  ratchet-wheeP'', 

15  Handrad.     16  selbsttätig,     i?  icorni-wheel  Schraubenrad,  ratcTiet-wheel  Sperrrad,  pawl 
Sperrklinke,   s.  Xr.  7.     18  aufkeilen. 
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which  can  at  any  moment  be  made  to  revolve  with  the  worm-wheel 
by  means  of  a  pawl^^  carried  by  the  latter  on  its  upper  surface. 
On  releasing  the  pawl,  therefore,  the  drill  can  be  raised  or  lowered 
by  turning  the  hand-wheel;  and  on  causing  it  to  engage  with  the 
ratchet-wheel,  the  self-actmg  feed  is  brought  into  play,  its  amount 
being  capable  of  being  regulated  by  shifting  the  strap  on  the 
speed-pulleys. 

But  several  other  kinds  of  self-acting  feed  have  been  devised. 
One,  called  the  racli-feed,  which  is  extensively  used  for  large  drilling 
machines,  is  on  much  the  same  principle  as  the  rack-traversing  mo- 
tion  in  self-acting  lathes.  The  drill-spindle  is  made  in  two  parts, 
the  lower,  which  carries  the  drill,  being  free  to  revolve  indepen- 
dently  of  the  upper,  to  Avhich  it  is  attached  by  a  Joint  resembling 
that  emjDloyed  for  connecting  together  the  screw  and  the  spindle  in 
the  screw  feed  machines. 

In  addition  to  the  feeding  apparatus  of  drilling  machines,  much 
ingenuity  lias  been  expended  in  devising  convenient  forms  of  Sup- 
port for  the  work^^  upon  which  they  have  to  operate.  One 
method — and  the  simplest  one — is  to  extend  the  foot  of  the  frame 
of  the  machine  to  a  considerable  distance,  so  as  to  make  it  form 
a  flat  hase-plate.^^  T-grooves^^  for  the  reception  of  the  heads  of 
holdiug-down  bolts  being  cast  in  this  plate,  and  its  surface  being 
planed^^,  it  forms  a  vei-y  efficient  support  for  articles  of  moderate 
size  of  which  the  height  does  not  exceed  the  distance  between  the 
point  of  the  drill  and  the  surface  of  the  base-plate;  for  when  a 
fixed  base-plate  is  immediately  under  the  spindle  in  any  drilling 
machine,  it  of  course  sets  a  i-igid  limit  to  the  height  of  the  work 
which  can  be  admitted. 

Nor  is  this  limit  in  point  of  height  the  only  disadvantage  of  a 
fixed  base-plate.  Being  kept  as  low  as  possible  for  the  reception 
of  large  articles,  it  becomes  a  very  inconvenient  supporter  of  small 
ones.  For  these  a  taMe'^,  adjustable^**  as  to  height,  is  much  better 
adapted.  In  its  simplest  form,  it  consists  of  a  rectangular  plate, 
planed  and  provided  with  T-grooves,  which  can  be  raised  or  lowered 
by  a  rack  and  pinion.  But  in  this  case  the  work  must  be  per- 
fectly  correctly  placed  as  to  its  horizontal  position  before  it  is  bolted 
down  to  the  table;  and  in  drilling  a  series  of  holes,  it  must  be  set 
free,  and  be  again  adjusted  for  each  one  of  the  series.  To  obviate 
this,  Sir  J.  Whitworth  introduced  bis  comxwund  table — giving  to 
the  ordinary  table  a  horizontal  motion,  on  the  principle  of  the 
slide-rest,  in  one  direction,  and,  in  addition,  hanging  it  at  a  point 
near  the  vertical  portion  of  the  framing,  so  as  to  enable  it  to  be 
swung   horizontally   in   the    other.     The  hinge  ^^    also    made   it   pos- 

19  Arbeitsstück.  20  Grundplatte,  Fundamentplatte.  21  Schlitz,  Nut.  22  hobeln. 
23  verstellbar.    24  Scharnier. 
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sible  to  Swing  tlie  table  entirely  out  ol"  the  way  when  the  work 
was  of  sutficieut   heiglit  to  be  supp.orted  on  a  base-plate. 

Variuus  modifications  ol"  this  are  now  in  use,  under  the  namo 
of  stciiif/  tahlcs,  the  advantages  of  the  arrangement  for  small  work 
being  uuiversally  recognised.  For  machines  of  comparatively  small 
size,  the  table,  which  is  circular,  and  is  fx'ee  to  revolvc  round  its  axis, 
is  supported  by  an  arm,  which  can  itself  revolve  round  the  vertical 
pillar  of  the  machinc.  ]3y  conibining  these  two  motions,  evory  part 
of  the  table  can  be  easily  brought  under  the  drill,  so  that  any 
piece  of  work  of  moderate  size  fixed  upon  it  (for  which  purpose  it 
has  a  series  of  slots,  like  the  face-plate^^  of  a  lathe)  need  not  be 
unfastened  tili  all  the  vertical  holes  which  have  to  be  drilled  in  it 
have  been  completed.  In  this  case  no  vertical  adjustment  is  pro- 
vided,  the  table  being  placed  at  a  convenient  height  for  holding 
raoderately  small  articles,  and  both  table  and  arm  being  swung 
completely  out  of  the  way  of  any  large  ones.  There  being  no  base- 
plate,  there  is  no  particular  limit  to  the  height  of  the  work  which 
can  be  operated  upon,  a  j)it  being  occasionally  sunk  at  the  foot  of 
the  machine  for  the  reception  of  long  pipes,  &c. 

When  a  drilling  machine  is  required  for  operating  upon  large 
pieces  of  work  only,  a  icall-clrill^^,  in  which  both  base-plate  and 
table  are  dispensed  with,  is  perhaps  the  most  convenient  form  of 
all.  Its  framing  is  then  so  made  that  it  can  be  fixed  to  the  wall 
of  the  Workshop,  and  the  whole  of  it  is  kept  above  the  di'ill,  so 
as  to  be  quite  clear  of  any  work  placed  underneath  it.  Moreover, 
by  turniug  an  arch  in  the  wall,  and  fixing  the  machine  at  its  crown, 
the  clear  space  below  the  framing  can  be  still  farther  extended,  so 
that  a  boiler  or  any  other  large  object  can  be  operated  upon  with 
perfect  facility. 

One  other  variety  of  vertical  drilling  machine  should  not  be 
passed  over,  inasniuch  as  it  affords  facilities  for  drilling  vertical 
holes  in  large  or  ponderous  articles  by  adopting  the  principle  of 
adjusting  the  drill  over  the  work  instead  of  arranging  the  work 
under  the  drill.  In  this  respect  the  radial  drilling  machine  ^'^  differs 
materially  from  the  machines  for  drilling  which  we  have  thus  far 
been  considering.  The  way  in  which  this  power  of  adjustment  is 
obtained  consists  in  supporting  the  drill-spindle,  together  with  the 
gearing  for  dri\*iug  and  feeding  it,  upon  a  slide  or  carriage-^  which 
can  travel  horizontally  along  a  radial  arm,  the  arm  itself  being 
nioveable  about  a  vertical  hinge  near  its  point  of  junction  with  the 
fixed  pillar  of  the  framing.  By  combining  the  travel  of  the  slide 
"with  the  circular  motion  of  the  arm,   the  drill  can  be  brought  not 


-5  Planscheibe.  26  icall  drill(ing)  machine  Wandbohrmaschine,  vertical  drilling  machine 
Verticalbohrmaschiue,  pillar  drilling  machine  Säulenbohrmaschiue,  radial  drilling  machine 
Eadialbolirmaschiue,  slide,  carriage  Schieber,  Sclilitten,  multiple  drilling  machine  viel- 
spindlige  Bohrniaschiue,  slot-drilUng  machine  Kutenbohnnaschine,  Lauglochbohrmaschiue. 
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only  over  any  part  of  tte  base-plate  of  the  macliine,  but  even  to 
a  considerable  distance  beyond  üs  limits  on  either  side.  The  heigbt 
of  the  arm  can  also  be  adjusted,  it  being  for  that  purpose  hinged 
to  a  long  vertical  slide,  instead  of  directly  to  the  framing. 

Shelley,    WorJcsJioi3  Appliances. 
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To  describe  the  large  number  of  beautifully  constructed  machines 
which  are  now  in  use,  a  volume  would  be  scarcely  Sufficieiit,  con- 
sequently  a  general  statement,  referring  to  typical  pieces  of  ma- 
chinery  only,    is  all  that  cau  be  introduced  in  this  place. 

Tree-feller.  —  The  first  Operation  is,  of  course,  the  felling^  of 
the  tree.  This  has  been,  and  is  usually,  the  work  of  the  woodman. 
Recently,  however,  the  firm  A.  Ransome  and  Co.,  of  the  Stanley 
"Works,  Chelsea,  have  introduced  a  'steam  tree-feller'. 

It  consists  of  a  steam  cylinder  ^  of  small  diameter,  having  a  long 
stroke,  attached  to  a  light  cast-iron  bed-plate,  upon  which  it  is 
arranged  to  pivot  on  its  centre,  the  pivoting  motion  being  readily 
worked  by  a  lever.  The  saw  is  fixed  direct  to  the  end  of  the 
piston-rod,  which  is  caused  to  travel  in  a  true  line,  when  at  work, 
by  guides;  and  the  ränge  of  the  pivoting  motion  of  the  cylinder  is 
such  as  to  enable  the  saw  to  pass  through  the  lai-gest  logs  ^  that 
are  ordinarily  to  be  met  with,  without  moving  the  bed-plate.  A 
strong  wrought-iron  strut  is  attached  to  the  bed-plate,  and  this  is 
furnished  with  two  fangs,  which  are  made  to  bite  into  the  butt^ 
of  the  tree  by  a  chain  passed  round  it  just  below  the  saw-cut,  and 
drawn  taut  by  a  powerful  screw. 

The  machine  is  supplied  with  steam  at  a  high  pressure  from  a 
small  portable  boiler  ^  through  a  strong  flexible  steam  pipe  ^,  and 
as  this  may  be  of  considerable  length,  the  boiler  may  remain  in 
one  place  until  the  machine  has  cut  down  all  the  trees  within  a 
radius  which  is  determined  by  the  length  of  the  steam  pipe. 

Saicing  JMacMnes.'' — The  machines  employed  for  Converting  rough 
timber  are  vei-y  numerous,  and  several  exceedingly  ingenious  saw- 
ing  machines  have  been  introduced  by  different  inventors  for  this 
purpose. 

For  a  permanent  saw-milP^,  where  logs  from  12  in.  to  36  in. 
in  diameter  are  required  to  be   sawn  into  boards  of  various  thick- 

1  Fällen.  2  Dainpfcylinder;  piston  Kolben,  stroke  "üvib,  piston-rod  Kolbenstange,  guides 
Führung,  bed-plate  Fundamentplatte,  s.  Nr.  29;  piect  Zapfen,  leeer  Hebel,  hinge  Scharnier. 
3  Stamm.  4  Stockende,  Wurzelende.  5  Kessel,  s.  Xr.  26.  6  Dampfrolir.  ^  Sägemaschinen, 
B.  Nr.  16. 
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nesses,  a  vcitical  timber-frame  is  recpired.  These  log  fraines"^ 
are  mado  of  all  sizes,  to  suit  bütli  large  and  sinall  work.  If  the 
logs  aro  tolerably  straiglit  and  level  ou  the  under-side,  so  that  they 
^et  a  fair  bearing  on  the  rollers,  a  'roUer  feed  franie' '•*,  of  which 
an  excellent  example  is  preparcd  by  the  Messrs.  A.  Ransonie  and  Co., 
should  be  iised,  as  being  tho  most  expeditious,  its  construction 
allowing  of  tho  logs  following  each  other  through  the  machino 
without  iutermissiou.  Ou  the  other  band,  whero  large  logs  of  rougli 
uneven  tiuiber  have  to  be  sawn  into  thin  boards,  special  frames  are 
required. 

The  principle  known  as  the  liacJc  Fccd  is  combined  in  these 
frames  with  various  special  iraprovenients  to  facilitate  the  couversion 
of  rough  and  crooked  timber,  which  with  ordinary  frames  is  a  work 
of  difficulty,  involving  a  considerable  loss  of  time.  The  travelling 
carriage  ^'^  on  which  the  timber  is  laid  is  made  of  cast  iron,  planed 
all  over,  and  runs  upon  turned  rollers  ^^,  having  wrought-iron 
spindles  which  work  in  planed  cast-iron  carriages,  screwed  to  the 
floor  of  the  mill,  to  the  füll  length  of  the  travelling  carriage  on 
each  side  of  the  saw-frame.  The  ends  of  the  log  are  held  on  two 
cast-iron  carriages  attached  to  the  travelling  bed,  and  furnished 
with  powerful  wrought-iron  jaws,  which  are  opened  or  closed  by 
strong  double-thread  screws.  ^-  These  carriages  have  a  lateral  mo- 
tiou  which  enables  them  to  follow  the  curve  of  a  log;  and  the 
dogs*^  are  hinged-,  so  as  to  allow  of  a  vertical  motion  in  the 
ends  of  the  timber.  The  log  is  supported  immediately  in  front  of 
and  behind  the  saws  upon  two  fi'iction  rollers,  which  can  be  raised 
or  lowered  so  as  to  follow  the  under-side  of  the  log;  by  this 
arrangement,  no  matter  how  irregulär  in  form  the  log  may  be,  it 
always  gets  a  solid  bearing  to  take  the  thrust  of  the  saws. 

Band  Saio  Mackines.  ^"^ — The  fact  that  band  saw  machines  can 
be  constructed  at  a  moderate  cost  to  out  through  a  depth  of  4  or 
5  ft.,  coupled  with  the  sraall  amount  of  timber  which  they  waste, 
and  the  comparatively  little  power  required  to  drive  them,  makes 
them  pre-eminently  suited  for  breaking  down  large  logs  which  cannot 
be  compassed  by  any  of  the  ordinary  vertical  frames.  Such  machines 
have  for  some  years  been  used  in  France,  but  they  have  hitherto 
not  been  generally  adopted  in  this  country  on  account  of  a  pre- 
vailing  notion  that  they  require  a  professional  saw-maker  to  keep 
the  blades^^  in  order. 

Circidar  saics.^^ — We  are  indebted  to  Mr.  Allen  Ransome  for 
the  following  remarks  on  these. 

The  following  conditions  are  necessary  to  insure  the  satisfactory 
workiug  of  a  circular  saw: — 

9  Stamm-Sägegatter.  9  feed  Vorschub,  Zuführung,  roller  feed  "Walzenvorachub,  rack 
feed  (interraittirender)  Vorschub  mit  Zahnstange.  lo  Wagen,  n  Bolle;  fricdon  roller 
JFriktionsroUe.     '-  s.  Xr.  ö.     i3  g.  Xr.  16.     i-*  Bacdsägemaschine. 
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1.  It  must  be  perfectly  flat  and  round,  and  of  even  thickness 
throughout, 

2.  It  must  be  properly  sharpened  for  the  desci-iption  of  timber 
which  it  is  required  to  saw. 

3.  It  sbould  have  sufficient  set  to  clear  itself  properly  in  work, 
but  not  any  superfluous  set. 

4.  It  should  be  properly  packed. 

As  regards  the  first  of  these  points,  it  may  be  taken  as  pretty 
certain  tliat  saws  by  any  of  the  best  makers  will  be  sufficiently 
true  and  flat,  and  of  uniform  thickness  throughout;  but  when  fitted 
to  the  saw  spindle  they  will  seldom  be  found  to  be  'perfectlij  round, 
and  therefore,  before  a  new  blade  is  sharpened  for  the  first  time, 
the  sawyer  should  fix  it  on  the  spindle,  and  run  it  round,  holding 
a  piece  of  hard  stone  to  the  teeth,  so  as  to  grind  off  any  points 
which  may  project  beyond  the  rest.  As  soon  as  it  appears  that 
every  tooth  has  touched  the  stone,  the  saw  should  be  sharpened, 
the  top  of  each  tooth  being  filed  or  ground  down  until  all  the  flat 
faces  made  by  the  stone  have  disappeared,  when  the  saw  will  be  a 
perfectly  true  circle,  and  when  set  to  work  each  tooth  will  do  pre- 
cisely  the  same  duty. 

The  amount  of  set  which  a  saw  should  have  depends  so  entirely 
upon  the  quality  of  the  timber  which  it  has  to  cut,  that  it  is  best 
found  out  in  practice;  bvit  the  utmost  care  should  be  taken  to  give 
every  tooth  precisely  the  same  amount  of  set,  or  otherwise  the  saw 
will  draw  in  the  cut.  The  set  should  be  sufficient  to  enable  the 
saw  to  clear  itself  properly;  but  as  the  less  set  a  saw  has  the  less 
wood  it  wastes,  and  the  cleauer  it  does  its  work,  it  should  not 
have  more  than  is  necessary. 

The  pi'oper  packing  of  a  circular  saw  is  quite  indispensable  to 
its  satisfactory  working,  and  therefore  the  greatest  attention  should 
be  paid  to  this  point.  The  best  system  of  ^^acking  is  t-o  run  the 
front  part  of  the  saw  between  an  oiled  gasket,  which  is  tucked 
firmly  against  the  saw  on  both  sides,  and  rests  upon  wooden  strips, 
which  are  screwed  to  the  under  side  of  the  bench  and  fiUing-in 
plate  for  that  purpose.  The  object  of  the  gasket  is  not,  as  is 
frequ.ently  supposed,  merely  to  hold  the  saw  in  position,  but  to 
create,  by  the  friction  of  the  blade  against  it,  a  certain  amount  of 
warmth,  which  should  be  diffused  uniformly  throughout  the  entire 
diameter  of  the  saw,  the  result  of  which  is  to  cause  it  to  expand 
equally,  and  to  run  in  a  perfectly  straight  liue.  The  whole  art  of 
packing  depends  upon  tucking  the  gasket  in  such  a  manner  as  to 
insure  this  uniform  warmth,  and  is  readily  acquired  with  care  and 
practice. 

Wood-cidting  hy  a  neu-  Methoä.  —  A  novel  method  of  cutting 
wood  has  recently  been   invented  in  the  United  States.     It  consists 
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in  substituting  for  the  saws  ordiimrily  employed  a  platinum  wire  ^'', 
which  is  fixcd  and  worked  in  the  same  nianner  as  the  saws  used 
for  fret-work.  Throngh  this  wire  a  cuiTcnt  of  electricity  is  passed 
to  maintain  it  at  a  red  heat.  When  the  wire  in  this  state  is  worked 
backward  and  forward  in  the  same  manner  as  a  saw,  it  penetrates 
even  the  liardest  wood  with  astonisliing  rapidity.  The  instrument 
may  be  uscd  to  saw  out  boards  or  i'orms  of  the  most  varied  na- 
ture  from  balks*^  of  the  hargest  scantling '•',  the  wire  lending  itself 
to  changes  of  direction  far  more  readily  than  the  band  saw  does. 
It  is  true  that  the  action  of  the  heated  wire  is  to  slightly  car- 
bonise  the  surfaces  of  the  wood;  but  the  trifling  loss  thus  incurred 
is  not  greater  than  that  due  to  the  ordinary  saw  cut. 

General  Johicrs.^'' — Tlie  machines  bearing  this  name  are  so  well 
known  in  the  building  trade  that  a  short  notice  only  is  required 
of  them. 

The  machine  has  been  designed  to  meet  the  objections  which 
are  urged  with  more  or  less  justice  against  the  class  of  machines 
known  as  'General  or  Universal  Joiners',  and  it  is  guaranteed  to 
be  capable  of  performing  the  whole  of  the  foUowing  Operations  in 
a  thoroughly  satisfuctory  manner,  viz. : — 

Sawhif/.  —  It  will  work  saws  up  to  24  inches  in  diameter,  and 
will  deep  9-inch  deals. 

Gross -ciäting.^^ — It  will  cross-cut  stuff  of  any  length  up  to 
4  inches  thick. 

Planing.^^ — It  will  plane,  groove^o,  tongue,  edge-\  thickness, 
and  bead  ^2,  at  one  Operation,  boards  np  to  9  inches  wide. 

Mouläing.'^^ — It  will  stick  single  or  double  mouldings  of  any 
pattern,  worked  on  all  four  sides,  up  to   9   inches  wide. 

Circttlar  Mouldings. — It  will  cut  circular  mouldings  of  any  pat- 
tem  up  to  3  inches  wide. 

Grooving.^^ — It  will  cut  grooves  from  ^  inch  to  1^  inches  wide. 

Tenoning.-^ — It  will  cut  single  or  double  tenons^^,  and  scribe 
the  Shoulders  at  one  Operation. 

Morfising.-^ — It  will  make  mortises^^  from  J  inch  to  1^  inch 
wide,  of  any  length,    in  any  kind  of  wood. 

lioring.  '^^ — It  will  bore  holes  from  J  inch  to  2  inches  in  diameter. 

The  saw  spindle  is  entirely  distinct  from  those  which  carry  the 
planing  and  moulding  cutters  ^'^,  and  hence  the  Operations  of  sawing 
and  planing  or  moulding  can  be  carried  on  simultaneously  or  se- 
parately  as  at  two   distinct  machines. 

The  saw  table -'^  rises  and  falls  for  grooving,  rebating^^,  &c., 
and   is  fitted    with    an    improved    fence,    which  can  be   set  at  any 


t.      16   die  vorgeschriebene  Grösse   des  Bauholzes,      i^  Universaltischler- 

Lierschueideu;  cross-cut  saic  Quersäge,     i^  Hobelu.     -O  grooce  Xut,  grooving 
tongue  Zapfen,     '-i  abkanten.     "-"-  verstäben.  -3  das  Kehlen,  die  Kehlung, 


15   Platindraht. 

(maschiue).     is  Quersc ,  ,. 

isiiten(schneiden),  tongue  Zapfen.     -    „„„„„. ^„.  ,  — o, 

das  Gesims.      -*  ZapfeuschueiJeu.      -5  Zapfen.     -O  Stemmen.     -"  Zapfenloch.     -^  Bohren. 
29  Sägetisch,     so  Messer.    3i  Falzen. 
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required  angle,  and  is  hingecl,  so  that  it  can  be  turned  over  at  the 
end  of  the  table  wben  it  is  required  to  use  the  saw  for  cross-cutting. 

The  planing  and  moulding  apparatus  is  permanent,  and  is  thus 
always  ready  for  work.  The  top  and  bottom  cutter-block  spindles 
are  supported  in  bearings  on  each  side,  which  ensures  great  steadi- 
ness,  and  enables  the  machine  to  turn  out  very  clean  work.  The 
wood  being  planed  or  moulded,  is  fed  through  by  a  pair  of 
revolving  feed  rollers^^;  botli  of  which  are  driven;  by  which  means  a 
greatly  increased  propelling  power  is  obtained.  The  top  feed  roller 
rises  and  falls  to  suit  the  irregularities  in  a  rough  board,  and  at 
the  same  time  it  always  exerts  its  füll  feeding  power.  The  rate 
of  feed  can  be  varied  according  to  the  nature  of  the  wood  being 
operated  on. 

Mortising  Machines. ^^ — ]\Iachines  for  mortising  wood,  although 
oflfering  a  great  variety  in  design  and  niechanical  combinations,  may 
be  classified  under  the  three  following  heads: — 

1.  Machines  which  work  with  a  chisel^*,  having  a  vertioal 
reciprocatiug  action. 

2.  Machines  in  which  the  mortise  is  formed  by  a  revolving 
traversing  auger  ^^  or  bit^^,  so  constructed  as  to  cut  on  the  side 
as  well  as  on  the  end;   and, 

3.  Machines  constructed  to  work  with  a  Square  hollow  chisel, 
having  an  auger  working  inside  it. 

Mortising  machiues,  with  reciprocating  chisels,  are  undoubtedly 
the  kind  which  are  in  most  general  use,  and  embrace  all  those 
which  are  made  for  band  or  foot  power;  this  principle  being  appli- 
cable alike  to  large  or  small  machines,  or  for  any  description  of 
timber.  The  disadvantages  of  this  System  are,  that  when  mortising 
hard  wood  it  is  necessary  to  bore  a  hole  for  the  chisel  to  enter, 
and  as  the  chisels  in  ordinary  use  jam  the  chips^^  into  a  compact 
niass,  a  third  Operation  is  needed  to  clear  the  mortise  of  the  chips 
after  it  has  been  slotted  out  by  the  chisel. 

Soft  wood  can  be  mortised  by  a  reciprocating  chisel  withqut 
previous  boring,  provided  the  machine  is  so  arranged  that  the 
chisel  can  be  brought  gradually  down  deeper  and  deeper  into  the 
wood  after  each  stroke;  and  some  machines  are  even  made,  for 
joiner's  work,  in  which  the  chisel  enters  at  once  to  its  füll  depth 
at  the  first  stroke.  This  is,  however,  very  objectionable,  as  the 
chisel  plunging  at  once  2  or  3  inches  deep  into  the  wood,  eauses 
a  great  jar,  which  throws  an  undue  strain  on  the  machine,  and 
frequently  bends  or  breaks  the  tool,  which,  moreover,  having  to  be 
made  very  thick  in  order  to  stand  such  a  heavy  blow,  wedges  the 
chips  so  tight  in  the  mortise  as  to  make  it  very  troublesome  to 
remove  them. 

32  Speise-walze.    33  Stemmmaschine.    34  Meissel.    35  Holzbohrer.    36  Bohreisen.   37  Späne. 
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In  the  improved  moiiising  machines  working  with  reciin'ocating 
chisels,  the  abovc  objections  to  this  System  have  been  greatly  over- 
come  by  attacliing  to  sucli  as  are  used  lor  bard  wood  a  boring 
apparatus,  wliich  is  fixed  to  the  niain  Standard  of  the  machiue  in 
such  a  Position  that  the  centre  of  the  auger  is  always  oxactly  in 
a  line  with  tho  cintro  of  the  cliisel,  so  that  tlie  piece  after  being 
borcd  is  nieroly  shifted  ak)ng  sideways  to  the  chisel,  thus  saving 
the  extra  handling  and  separate  adjustment  wliich  would  be  ne- 
cessitated  if  the  boring  wcre  done  at  a  separate  machine.  The 
difficulty  of  the  cliips  jamming  into  a  mass  in  the  mortise  is  en- 
tirely  obviated  by  the  use  of  a  new  form  of  chisel,  whicli  is  so 
constructed  as  offectually  to  draw  each  chip  as  it  is  cut.  These 
chisels,  although  considerably  more  expensive  than  tliose  in  ordinary 
use,  eflPect  a  great  economy,  us  in  many  cases  where  reciprocating 
mortising  machines  are  in  use  it  takes  almost  as  long  to  knock 
out  the  core^^  as  it  does  to  cut  the  mortise. 

The  principle  of  cutting  mortises  with  a  revolving  auger  or  bit 
has  the  advantage  of  being  readlly  applied  to  almost  any  other 
machine  having  a  spindle  revolving  at  a  sufficient  speed,  but  as 
from  the  revolving  action  of  the  bit  the  ends  of  the  mortises  are 
left  round,  a  sejiarate  Operation  is  needed  to  Square  them  out. 
There  are,  however,  many  classes  of  work  in  which  it  is  no  dis- 
advantagc  to  have  the  ends  of  the  mortise  left  round,  as  in  posts 
for  fencing,  and  many  of  the  mortises  which  occur  in  cabinet  and 
pianoforte  work,  and  for  such  purposes  this  System  is  recommended 
in  preference  to  any  other.  It  is  also  the  best  jirinciple  to  adopt 
for  very  small  mortises,  cspecially  in  hard  wood,  as  a  reciprocating 
chisel  of  less  than  -^j^  inch  wide  is  very  liable  to  get  bent  in  work, 
and  requires  the  mortise  to  be  of  considerable  length  for  the  tool 
to  work  down  gradually  to  the  füll  depth,  whereas  a  revolving  bit 
can  raake  the  shortest  possible  mortises,  care  being  taken  when 
using  small  bits  not  to  put  them  so  deep  into  cut  as  to  cause 
them  to  spring,  as  in  such  case  they  will  not  make  good  work. 

Uee's  Didionarif,  Stipplemenf,  1878. 
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The  foUowing  synthetic  view  may  furnish  the  reader  with  a 
general  notion  of  the  natui-e  and  order  of  the  successive  Operations 
carried  on  in  the  manufacture  of  cotton^:  — 

38  Kern. 

J  Cotton  Baumwolle,  long  (short)  staple  lang  (kurz-)  staplig,  cotton-gin  Egrenirmaschine, 
roUer  (saiv-)  gin  Walzen-  (Säge-)  Egrenirniaschine. 
*  S.  Technical  Vocabiilarii,   eh.  60. 
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1.  The  mixing'  and  opeuing^  iip  or  looseniog  the  cotton 
wool,  as  impoi'ted  in  the  bales,  so  as  to  separate  at  once  the 
coarser  and  heavier  impurities  as  well  as  those  of  a  lighter  and 
finer  kind. 

2.  The  willotving^,  scutclüng^  or  blowing^,  an  Operation  whicli 
removes  the  seeds  and  dirt,  and  prepares  the  material  in  the  form 
of  a  continuGus  lap  ^  or  rolled  sheet  for  the  next  process. 

3.  The  carding'^,  which  is  intended  to  disentangle  every  tuft  or 
knot,  to  remove  every  remaining  impurity  which  might  have  eluded 
the  previoiis  Operation,  and  finally  to  prepare  for  arranging  the 
fibres  in  parallel  lines,  by  laying  the  cotton  first  in  a  fieecy^  web, 
and  then  in  a  riband  ^  form. 

4.  The  doulling  ^  and  draioing  ^^  out  of  the  card-ends  or  ribands, 
in  Order  to  complete  the  parallelism  of  the  filaments,  and  to  equa- 
lise  their  quality  and  texture. 

5.  The  sluhhing'^'^  Operation,  whereby  the  drawings  made  in 
the  preceding  process  are  greatly  attenuated,  with  no  more  twist^^ 
than  is  indispensable  to  preserve  the  unifonn  continuity  of  the 
spongy  cords. 

6.  The  intermediate  slubhing,  another  doubling  and  further 
attenuation,  which  is,  however,  omitted  in  the  spinning  of  coarse 
yarns. 

7.  The  roviiig'^^,  which  is  simply  a  repetition  of  the  doubling 
and  drawing  accomplished  in  the  intermediate  process,  but  leaving 
the  cotton  in  a  still  more  attenuated  condition  ready  for  the  next 
process. 

8.  The  spinning'^'^  process,  which  comjDletes  the  extension  and 
twisting '  ^  of  the  yarn.  This  is  accomplished  either  with  the 
throstle^^  or  the  mule.^^  By  means  of  the  former  machine  the 
thread  is  spun  with  a  larger  proportion  of  turns  or  twists,  and  is 
thus  made  tough  and  strong  for  purposes  requiring  yarn  that  will 
not  readily  break — as  in  the  warps  ^  *  of  stout  fabrics.  By  means 
of  the  latter,  yarns  of  less  strength  are  j)roduced,  such  as  the 
warps  of  lighter  fabrics,  and  wefts  of  all  kinds.  The  latter 
process,    being   the    less   costly    of  the   two,    is   preferred    in    cases 

2  das  Misclieu,  Gattiren.  3  das  Oeffnen;  opener  Oeffuer,  "Wolf.  *  das  Zauseln,  Wolfen, 
Wi'Woio  Zauseier,  Willow.  5  das  Schlagen ;  scutching  machine.  blowing  machine  Schlag-,  Putz- 
maschine.  6  lap  Wickel,  ßeece  Fliess,  Watte,  lap  machine,  spreading  machine  Wickel-, 
Wattenmaschine.  "  carding  das  Kratzen,  Krempeln,  card  Kratze,  breaker  Grobkarde, 
finisher  Feiiikarde;  carding  engine  Kratzmaschine,  niain  cijlinder  Kratzentrommel,  urchin 
Igel,  tops  Deckel,  doffer  Abnehmer,  licker-in  Torreisser,  clearer  Wender,  stripper  Arbeiter. 
8  riband,  sliver,  card-end  Band;  ribbon,  riband,  ribband  (frz.  ruban,  altfrz.  ritbent,  v.  lat. 
rubens  rot)  volksetymologisoh  an  band  angelehnt.  Ueber  Volksetymologie  s.  Anmerkungen 
zu  T.  I,  Nr.  14,  1  8,  28,  i  4  u.  s.  w.  9  das  Dupliren.  lo  das  Strecken;  drawing  frame  Streck- 
maschine.  ii  das  grobe  Vorspinnen;  slub  grobes  Vorgespinnst,  Lunte,  slubbing-billy  Grob- 
flyer. 12  Draht.  13  das  Vorspinnen;  roving  frame  Vorspinnmaschine,  i*  das  Spinnen, 
reinspinnen.  15  Drehung,  lö  Drosselstuhl,  Watermaschine  (tvater-frame).  —  The  throstle 
derived  its  name  from  the  siuging  or  humming  which  it  occasioned.  It  was  also  called 
the  water-frame,  from  the  fact  that  the  machinery  in  Arkwright's  mill,  where  it  was  first 
nsed,  was  driven  by  a  water-wheel.  Kxight.  —  i''  mule  Mulemaschine ,  Mule-Jenny, 
s.  Nr.  22.     IS  icarp  Kettengarn,  Kette,  iceft  Schussgaru,  Einschuss. 
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whero   its   results  uro   otherwise    suitable   to   the    particular   eud  in 
view.  * 

9.  The  yarn  thus  coinpleted  is  now  converted  into  the  special 
fabric  lor  whicli  it  has  been  prepared  —  by  one  or  other  of  the 
foUowiiig  processes:  — 

a.  Wcaviüg^-',  lor  whicli,  however,  ccrtain  preparatory  Operations 
are  needed.  The  warps  iiiust  be  formed;  iirst,  by  tcindinr/^^  the 
yarn  on  largc  bobbins  -\  one  continuous  thread  on  each.  From  a 
given  number  of  bobbins  the  requisite  number  of  threada  are  then 
laid  aide  by  aide  lipon  beams.  These  again  are  passed  through  the 
sizing--  machine,  which  adds  strength  and  elasticity  to  the  threads 
of  the  warp,  enabling  them  more  successfuUy  to  resist  the  necessary 
sti'ain  of  weuving.  The  weft  needa  no  preparation  after  leaving  the 
mule,  but  is  placed  at  once  in  the  form  of  a  'cop'  ^^  into  the  Shuttle.-* 

b.  Doublinff.''^^ — In  this  process  two  or  more  threads  are  twisted 
together;  the  doubled  yarn  being  then  either  converted  into  warps 
for  woven  goods  of  special  strength,  such  as  double  warp  calicoes-'', 
fustians-^,  velveteens,  and  cotton  velvets;  or  is  carried  forward 
through  one  or  other  of  the  followiug  Operations. 

c.  JRceUng'^^  and  Binding. —  Here  the  yarn  is  wound  into  reels  or 
skeins  and  packed  in  hnndles  for  the  purpose  of  exportation,  or  for 
dyeing  or  bleaching,  or  for  the  manufacture  of  hosiery. 

d.  Singeing^^  and  PoUslüng.^'^ — By  the  first  of  these  processes 
the  thread  passes  through  jets  of  gas  flame,  and  thus  looses  its 
superfluoiis  fibres;  by  the  latter,  having  first  been  dyed,  it  acquires 
a  high  degree  of  glossiness,  and  is  then  used  for  admixture  with 
silk  in  the  mixed  goods  which  of  late  years  have  become  populär, 
under  the  designation  of  Japanese  silks,  &c. 


10  Weberei,  s.  Nr.  23.  20  jas  Aufwinden,  Spulen,  warp  machine  Spulmaschine. 
21  Spule.  23  sUing  das  Schlichten,  dressin'j-machine,  sizing-machine  Schlichtmaschine, 
Leimmaschine.  "-3  Kötzer.  24  Schütze,  "Weberschiffchen.  25  jias  Zwirnen.  '-G  g.  Xr.  24. 
27  Barchent,  Manchester.  —  Fus^ian  is  a  species  of  coarse  thick  tweeled  cotton,  and  is  ge- 
nerally  dyed  of  au  olive,  leaden,  or  other  dark  colour.  Besides  the  common  fustian,  which 
is  kuown  by  the  name  of  pillow,  the  cotton  stxiffs  called  conliiroy,  velveret,  velveieen,  and 
tliickset,  used  for  men's  wearing  apparel  belong  to  the  same  fabric.  When  tlie  material  is 
silk,  it  is  called  velcet ;  when  cotton,  eelveteen.  A  common  tweeled  cloth,  when  composed 
of  silk  is  called  satin;  when  of  cotton,  fustian  or  jean;  of  woolen,  plaidiny,  serge,  or 
kerseymere.  Smootli  fustians,  when  cropped  or  shorn  before  dyeing,  are  called  moleskins ; 
but  when  shorn  after  being  dyed,  are  called  beverteen;  they  are  both  tweeled  fabrics. 
Cantoon  is  a  fustian  with  a  fine  cord  visible  npon  the  one  aide,  and  a  satiny  surface  of 
yarns  running  at  right  angles  to  the  cords  upon  the  other  side.  Übe.  —  28  Jas  Haspeln; 
reel  Haspel;  thread  (=;  li'.j  yard)  Faden,  lea,  lay  (=  120  yards)  Gebinde,  hank  (=  840 
yards)  Strähn,  Schneller,  bündle  Bündel.  A  hank  of  cotton  yarn  is  840  yards  in  length, 
and  consists  of  7  lays  of  120  yards  each;  it  is  wound  on  a  reel  41,2  feet  in  circumference, 
tiO  revolutions  of  which  (SO  threads)  make  a  lay.  The  hanks  of  cotton  yarn  are  rated  by 
the  number  which  it  takes  to  make  a  pound.  17  skeins  make  a  hank.  IS  hanks  a  spindle 
(=:  15,120  yards).  —  1  lea  of  linnen  yarn  =  .SOO  yards ;  10  leas  =  1  hank ;  20  hanks  =  1  bündle; 
3  bundles  =  1  bunch;  24  heers  =  1  spindle  (14,400  yards).  29  das  Sengen;  singeing-machine 
Garnsengmaschine.     So  das  Gliinzen,  Lüstriren;  polishing-machine  Garnglättmaschine. 

*  The  mule  having  made  a  definito  length  of  yarn,  the  Operation  of  spinning  is  sus- 
pended  while  the  yarn  is  being  wound  up  on  bobbins  or  spindles.  In  the  throstle  the 
yarn  is.both  spun  and  wound  at  the  same  time.  The  throstle-yarn  is  smooth  and  wiry, 
while  the  mule-yarn  is  soft  and  downy.  Throstle-yarn  is  employed  for  warps  of  heavy 
goods,  and  for  making  sewing-thread;  mule-yarn  is  used  for  the  weft  of  heavy  goods,  and 
for  the  warp  and  weft  of  soft  and  fine  goods.  Tomlinson. 
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There  are  few  instances  in  Avhicli  the  wliole  of  these  Operations 
are  cari'ied  on  in  the  same  factory.  To  a  large  extent  even  the 
two  main  divisions — spinning  and  weaving — are  the  werk  of  separate 
firms  and  establishments.  Usually,  however,  these  two  are  combined. 
In  Order  the  better  to  illustrate  these  main  features  of  the  factory 
System,  we  now  proeeed  to  describe  a  concreto  example — that  of  a 
cotton  mill  at  Stockport,  containing  Gl, 400  throstle  and  mule  spindles, 
and  1320  looms.^i 

The  mill  consists  of  a  main  '  body  with  two  lateral  wings,  pro- 
jecting  forwards,  the  latter  being  aj)propriated  to  store-rooms,  a 
counting-house,  rooms  for  winding  the  yarn  on  bobbins,  and  other 
miscellaneous  purposes.  The  building  has  six  floors,  besides  the 
attic  story.  The  right-hand  end  of  the  principal  building  is  sepa- 
rated  from  the  main  body  by  a  streng  wall,  and  serves  in  the  three 
lower  stories  for  accommodating  two  ninety-horse  steam-fengines,  which 
are  supplied  with  steam  from  a  ränge  of  boilers^^  contained  in  a  low 
shed  exterior  to  the  mill. 

The  three  upper  stories  over  the  steam-engine  gallery  are  nsed 
for  unpacking,  sorting,  picking,  cleaning,  willowing,  and  lapping  the 
cotton  wool.  Here  are  the  willow,  the  blowing,  and  the  lap  ma- 
chines,  in  a  descending  order,  so  that  the  lap  machine  occupies  the 
lowest  of  the  three  floors,  being  thus  most  judiciously  placed  on 
the  same  level  with  the  preparation  room  of  the  building.  On  the 
fourth  main  floor  of  the  factory  there  are,  in  the  first  place,  lines 
of  carding  engines  arranged  near  and  pai'allel  to  the  windows,  and, 
in  the  second  place,  two  rows  of  drawing  frames,  and  two  of  bobbin 
and  fly  frames,  in  alternate  lines,  parallel  to  each  other.  The  latter 
raachines  are  close  to  the  centre  of  the  apartment. 

The  two  stories  next  linder  the  preparation  room  are  occuj)ied 
with  throstle  frames.  They  stand  in  pairs  alongside  of  each  other, 
whereby  two  may  be  tended  by  one  person.  These  principal  rooms 
are  280  feet  long  and  nearly  50  feet  wide.  The  two  stories  over 
the  preparation  room,  viz.,  the  fifth  and  sixth  floors  from  the 
ground,  are  appropriated  to  the  mule  jennies,  which  are  placed 
in  pairs  fronting  each  other,  so  that  each  pair  may  be  worked  bj- 
one   man. 

The  ground  floor  of  the  main  building,  as  well  as  an  extensive 
shed  abutting  behind  it,  is  devoted  to  the  power  looms.  The  attic 
story  accommodates  the  winding  frames  ^^^  and  warping  mills  ^^,  and 
the  warp  sizing  machines,  subservient  to  power  weaving.  Some 
extra  mules  (self-actors),   are  placed  in  the  wings. 

In  Great  Britain  and  throughout  the  greater  part  of  the  European 
continent  the  motive  power  used  in  cotton  factories  is  derived  almost 
entirely  from  steam;    but   in   the  United  States  and   in  Switzerland 

31  s.  Nr.  23.    32  Spülmaschine.    33  Zettelniasebine.    34  g.  Nr.  26. 
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tho  large  amount  of  nvailable  river  fall  is  so  great  that  water- 
power  is  extensively  employed  in  tho  manufacturo  of  cotton:  the 
Proportion  in  tho  United  States  being  2'1  horse-power  of  water  to 
1  horse-power  of  steani,  and  in  Switzerland  3'4  of  water  to  1  of 
steaiu.  A  further  peculiarity  in  the  construction  of  American  cotton 
mills  is  that  the  motion  is  communicated  from  tho  steam-engine  or 
turbine  or  water-wheel  '^^,  as  the  case  muy  be,  not  through  the  me- 
dium of  wheels  and  shafting,  but  by  means  of  huge  leather  belts 
and  dnims  or  pulleys.  ^'*  This  plan  is  stated  to  be  more  eft'ective 
and  economical  than  the  European  method. 

The  growth  during  recent  years  of  the  cotton  manufacture  in 
the  United  Kingdom  may  be  pretty  accurately  gauged  by  the  com- 
parison  of  a  few  particulars  from  the  last  four  Parliamentaiy 
returns,  those  of  1856,  1861,  1868,  and  1871.     Thus:— 


Number  of                     1856 

1861 

1868 

1871 

Spinniug  spiudles 
Power  looms 
Persons  employed 

28,010,217 
298,847 
379,213 

30,387,467 
399,992 
451,569 

32,000,014 
379,329 
401,064 

34,695,221 
440,676 
449,087 

Ure's  Biciionary,   7th  ed.,   1878. 
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The  Mulc^  is  a  spinning-macMne'^  in  which  the  rovings^  are  de- 
livered  from  a  series  of  sets  of  draicing  rollcrs  ^  to  sjiindles  *  placed 
on  a  carriage  ^,  which  travels  away  from  the  rollers  while  the  thread 
is  being  tivisfcd^,  and  returns  toward  the  rollers  while  the  thread 
is  being  tcotind.^^ 

It  was  invented  by  Samuel  Crompton,  and  perfected  in  1779,  so 

3*  8.  Nr.  10  u.  11.     35  s.  Kr.  7. 

1  Feinspiunmaschine,  8.  Nr.  21.  2  Vorgespinuat.  3  Streckwalzen,  Streckwerk.  *  Spiu- 
del.  5  "Wagen,  Spindelwageu.  6  to  twist  drehen,  tteisting  das  Drehen,  the  twist  der  Draht, 
die  Drehung. 

*  ilule.  Ueber  den  Ursprung  dieses  Namens  s.  n. —  Throstle,  waterfravie,  s.  Kr.  21,  16« 
Jenny.  This  name  was  a  moditied  contraction  of  the  word  engine,  the  term  gin  being  a 
common  local  expression  for  a  machiue.  The  coal-hoisting  machine  is  there  called  a  gin; 
a  pump  moved  by  a  windmill  is  called  a  gin ;  and  the  famous  machine  for  separating  the 
cotton  fiber  from  the  seeds  is  generally  known  as  a  cotton-gin.  The  machine  being  a  gin, 
this  mode  of  spinuing  was  called  ;,inning,  and  the  machine  a  ginny ;  hence  Jenny.  Ksight. — 
Jenny ;  Said  to  have  been  so  called  by  Arkwright,  after  his  wife,  Jenny;  but  according  to 
^  grandson  of  Jacob  Hargreaves,  the  inveutor,  it  is  a  corruption  of  gin,  a  contraction  of 
engine.    Webstee. 

■Weeshovek.    II.  rc 
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far  as  to  make  it  an  excellent  working  machine.  Subsequent  im- 
provements  by  Roberts,  Mason,  and  otbers  bave  brought  it  to  its 
present  state,  in  which  it  is  automatic,  and  is  known  in  some  parts 
of  England  as  the  "iron  man",  in  allusion  to  its  singiilarly  deft 
and  delicate  action. 

Tbe  combination  which  gave  rise  to  the  term  mule^  was  the 
junction  of  the  drawing-rollers  of  Arkwright  with  the  Jenny  of 
Hargreaves.  The  object  of  the  machine  is  to  deliver  the  roving 
with  the  required  degree  of  attenuation  and  twist  it  as  delivered. 
For  this  purpose,  the  spindles,  instead  of  being  stationary,  are  placed 
on  a  movable  carriage,  which  is  wheeled  out  to  twist  the  threads  and 
wheeled  in  to  wind  on  the  spindles. 

Mr.  Kennedy,  the  friend  and  biographer  of  Crompton,  states: — 

"The  great  and  important  invention  of  Crompton  was  bis  spindle- 
carriage  ^  and  the  principle  of  the  thread  having  no  strain  upon  it 
tili  it  was  completed.  The  cari'iage  with  the  spindles  could,  by  the 
movement  of  the  band  and  knee,  recede  just  as  the  rollers  delivered 
out  the  elongated  thread  in  a  soft  state,  so  that  it  would  allow  of 
a  considerable  stretch  before  the  thread  had  to  encounter  the  stress 
of  winding  on  the  spindle.  This  was  the  corner-stone  of  the  merits 
of  bis  invention." 

Crompton  gave  up  bis  invention  to  tbe  public  in  1780.  Thirty- 
two  years  afterward  he  received  £  5000  from  government  as  a 
compensation  for  bis  Services.  This  was  unfortunately  frittered 
away  in  starting  bis  sons  in  business,  and  tbe  father  was  again  in 
poverty.  A  subscription  was  raised  for  bim  which  supported  bim 
during  the  last  two  years  of  bis  life.     He  died  in  1827.^ 

Crompton's  first  machine  contained  only  20  or  30  spindles,  and 
was  built  to  supply  bis  own  loom  ^  with  good  yarn.  The  tra- 
verse  of  the  mule-carriage  was  only  5  feet.  The  distance  travelled  is 
now  much  greater,  and  the  carriage  sometimes  carries  1,000  spindles, 

Previous  to  tbe  invention  of  the  male  few  Spinners  could  make 
yarn  of  200  JianJcs^^  to  the  pound,  the  hank  being  always  840  yards. 
The  natives  of  India  were  at  the  same  time  making  yarns  of 
numbers  ranging  from  300  to  400.  Houldsworth  of  Manchester 
has  lately  succeeded  in  making  Xo.  700,  which  was  woven  in  France. 

The  drawing  and  stretching^^  action  of  the  mule-spinner  makes 
the  yarn  finer  and  of  a  more  uniform  tenuity  than  the  mere  drawing 
and  twisting  action  of  the  throstle.'^'^  As  delivered  by  the  rollers, 
the  thread  is  thicker  in  some  parts  than  in  others;  these  tbicker 
parts,  not  being  so  effectually  twisted  as  the  smaller  parts,  are 
softer  and  yield  more  readily  to  the  stretching  power  of  the  mule; 
by  this  means  the  twist  becomes  more  equable  throughout  the  yarn. 

7  mule  eig.  Maultier,  Bastard  (über  volksetymologische  Bildungen,  wie  "Maiütier"  aus 
lat.  mulus,  s.  Teil  I,  Nr.  14,  18,  28,  i'4  u.  a.).  ^  1857  wurde  ihm  in  Bolton  (er  war  aus 
HaU-in-the-Wood  bei  Bolton)  eine  Statue  errichtet.  9  Webstuhl,  s.  Nr.  23.  lo  S.  Nr.  21,  as. 
ii  das  Strecken.    12  Drosselstuhl. 
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Throstle-spinmug  is  seldoni  employed  for  numbers  higher  tlian  40 
or  50  hanks  to  tlic  pounJ,  becauso  smaller  yarn  would  not  have 
strength  to  bear  tho  drag  ot'  the  bobbiii'-',  but  in  niubj-spinning 
tlie  yarn  is  built  upon  the  spindles  without  subjecting  it  to  appre- 
ciable  straiu. 

The  mule-carriage  carrying  the  spindles  recedes  from  the  rollers 
with  a  velocity  somewhat  greater  than  the  rate  of  delivery  of  the 
reduced  roving,  the  rapid  revolution  of  the  spindles  giving  a  twist  ^ 
to  the  yarn,  which  Stretches  it  farther.  When  the  rollers  cease 
giving  out  the  rovings,  the  mule-spinner  still  continucs  to  recede, 
its  spindles  still  revolving,  and  the  stretching  is  effected. 

The  distance  to  which  the  spindles  recede  from  the  rollers 
while  both  are  in  action  is  called  a  streich.  ^*  This  is  usually  about 
54  to  56  inches.  The  space  over  which  the  carriage  moves  in  ex- 
cess  of  the  paying  out  of  the  i'ollers  is  called  the  gaining  of  the 
carriage.  The  space  traversed  by  the  carriage  after  the  paying-out 
action  of  the  rollers  is  stopped  is  called  the  seconcl  Stretch;  during 
this  latter  the  spindles  are  revolved  very  rapidly,  to  save  time. 

When  the  äraiving,  stretching,  and  tuisting  of  the  yarn  are  thus 
accomplished,  the  nnile  disengages  itself  from  the  parts  of  the  ma- 
chine by  which  it  has  been  driven,  and  the  carriage  is  returned  to 
the  rollers,  the  thread  being  wound  in  a  cop^'^  upon  the  spindle 
as  the  carriage  returns. 

The  specific  difference  between  the  action  of  the  throstle  and 
the  niule  is,  that  the  former  has  a  continuous  action  upon  the  roving, 
drauivg,  tivisting,  and  icinding^''  it  upon  the  spindle;  while  the 
mule  draivs  and  twists  at  one  Operation  as  the  carriage  runs  out^^, 
and  then  winds  all  the  lengths  upon  the  spindles  as  the  carriage 
runs  in.*  Knight's  Mechanical  Bictionary. 

Selfacthig  nmles^^  were  first  constructed,  we  believe,  by  Messrs. 
Eaton,  formerly  of  Manchester,  wlio  mounted  ten  or  twelve  of  them 
in  that  town,  four  at  Wiln,  in  Derbyshire,  and  a  few  in  France. 
From  their  great  complexity  and  small  productiveness ,  the  whole 
were  soon  relinquished,  except  those  at  Wiln.  M.  de  Jong  obtained 
two  patents  for  self-acting  mules,  and  put  twelve  of  them  in  Ope- 
ration in  a  mill  at  Warrington,  of  which  he  was  part  proprietor; 
but  with  an  unsuccessful  result. 

The  first  approximation  to  a  successful  accomplishment  of  the 
objects  in  view,  was  an  invention  of  a  self-acting  mule,  by  Mr.  Ro- 
berts, of  Manchester:  one  of  the  principal  points  of  which  was  the 
mode  of  governing  the  tvinding-on  ^'^  of  the  yarn  into  the  form  of 
a  cop ;    the   entire    novelty  and  great    ingenuity  of  which    invention 

13  Spille,  1*  Stretch  Zug,  Auszug,  second  Stretch  Nachzug.  15  Kötzer.  i6  aufwinden. 
17  to  run  out  ausfahren,  to  run  in  einfahren.  i8  selbstspinnende  Mulemaschine,  Seifaktor. 
19  das  Aufwinden. 

*  S.  Anm.  Seite  63. 
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were  universally  admitted,  and  proved  the  inain  step  to  the  final 
accomplishment  of  wliat  had  so  long  been  a  desideratum.  For  this 
invention  a  patent  was  obtained  in  1825.  In  1830,  Mr.  Roberts 
obtained  a  patent  for  other  improvements ;  and  by  a  combination 
of  both  bis  inventions,  he  produced  a  self-acting  mule,  which  is 
generally  admitted  to  have  exceeded  the  most  sanguine  expectations, 
and  which  has  been  extensively  adopted.  The  advantages  gained 
by  Mr.  Roberts's  improvements  are  the  saving  of  a  spinner's  wages 
to  each  pair  of  mules,  piecers^^  only  being  required,  as  one  over- 
looker  is  sufficient  to  manage  six  or  eight  pairs  of  mules;  and  the 
production  of  a  greater  quantity  of  yarn,  in  the  ratio  from  15  to 
20  per  cent.  The  yarn  possesses  a  more  uniform  degree  of  twist, 
and  is  not  liable  to  be  strained  during  the  spinning,  or  in  winding- 
on,  to  form  the  cop;  consequently  fewer  threads  are  broken  in 
these  processes,  and  the  yarn,  from  having  fewer  piecings,  is  more 
regulär. 

The  cops  are  made  firmer,  of  better  shape,  and  with  undeviating 
uniformity;  and,  from  being  more  regularly  and  firmly  wound,  con- 
tain  from  one-third  to  one-half  more  yarn  than  cops  of  equal  bulk 
wound  by  band;  they  are  consequently  less  liable  to  injury  in 
packing  or  in  carriage,  and  the  expense  of  packages  and  freight 
(when  charged  by  measurement)  is  considerably  reduced.  From  the 
cops  being  more  regularly  and  firmly  wound,  combined  with  their 
superior  formation,  the  yarn  intended  for  warps^^  less  ft-equently 
breaks  in  winding  or  reeling^^^  consequently  there  is  a  considerable 
saving  of  waste  in  those  processes. 

Several  improvements  have  been  made  in  the  construction  of 
self-acting  mules  since  the  date  of  Roberts's  patent,  but  none  of 
them  have  marked  so  decided  a  step  forward.  The  more  prominent 
of  these  may  be  briefly  noticed. 

In  18.34  Mr.  James  Smith  obtained  a  patent  for  a  method  of 
dispensing  with  the  ' backhiff-off  motion' ^^  of  Roberts.  Instead  of 
reversing  the  movement  of  the  spindles,  in  order  to  clear  the 
spindle  point  and  arrange  the  thread  conveniently  for  the  winding- 
on  pi'ocess,  he  elevated  the  counter-faller'^'^  and  thus,  whilst  the 
spindle  was  stationary,  'stripped  off'  the  spiral  coil  of  thread  from 
the  spindle  in  an  upward  direction.  This  method  is  still  in  use; 
but  as  it  subjects  the  thread  to  considerable  strain,  it  is  generally 
used  only  for  the  coarser  and  stouter  yams.  More  recently  patents 
have  been  taken  out  for  improvements  in  mules,  hj  Mr.  Potter,  of 
Manchester,  Messrs.  Higgins  and  Wliitworth  of  Salford,  Mr.  Mont- 
gomery  of  Johnstone,  Messrs.  Craig  and  Sharp  of  Glasgow,  and 
many  others. 

20  Andreher,  Stückler.  21  Kette(ngarn).  22  Haspeln.  23  backing-off  das  Absclüagen. 
2*  counter-faller  Gegenwinder,  faller-wire,  copping-wire  Aufwinddraht,  VTinder,  creel  Auf« 
steckrabmen. 
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Mr.  Roberts's  self-acting  niule,  whlcli  was  practically  the  first 
introdiiced,  and  with  several  modifications  in  its  constructiou,  is 
still  tlie  mule  which  is  most  extensively  used  and  approvcd  in  the 
cotton  trade.  Somc  of  the  raore  prominent  of  theso  modifications 
have  been  effected  by  Messrs.  Parr,  Curtis,  and  Madeley  of  Man- 
chester. Of  these  the  following  summary  gives  the  principul  features, 
viz.  the  Substitution  of  a  catch-box  with  an  excentric  box,  in  lieu 
of  a  cam  shaft,  to  produce  the  ret^uired  changes;  an  improved 
arrangement  of  the  faller  motion,  which  causes  the  fallcrs  to  act 
more  easily  upon  the  yarn,  and  not  producing  a  recoil  in  them 
when  the  '  backing-off '  takes  place,  thus  preventing  *snarls'  and  in- 
jury  to  the  yarn;  in  applying  a  spiral  spring  for  the  purpose  of 
bringing  the  backing-ofF  cones  into  contact,  by  which  the  Operation 
of  'backing-off'  can  bc  performed  with  the  greatest  precision.  The 
backing-off  movement  is  also  made  to  stop  itself,  and  to  cause  the 
change  to  be  made  which  affects  the  putting-up  of  the  carriage, 
which  it  does  in  less  time  than  if  an  independent  motion  was  em- 
ployed.  They  have  also  an  arrangement  for  driving  the  back,  or 
drawing-out,  shaft  by  gearing  in  such  a  manner  that  in  the  event 
of  an  obstruction  coming  in  the  way  of  the  carriage  going  out,  the 
motion  ceases  and  prevents  the  mule  being  injured. 

By  means  of  a  friction  motion,  the  object  of  which  is  to  take 
the  carriage  in  to  the  rollers,  the  carriage  will  at  once  stop  in 
the  event  of  any  obstruction  presenting  itself.  For  the  want  of  an 
arrangement  of  this  nature,  lives  have  been  lost  and  limbs  injured, 
when  careless  boys  have  been  cleaning  the  carriage  whilst  in  motion, 
and  have  been  caught  between  it  and  the  roller  beam,  and  thus 
killed  or  injured. 

Another  improvement  consists  in  coimecting  the  drawing-out 
shaft  and  the  quadrant  pinion  shaft  by  gearing,  instead  of  by  bands, 
thereby  producing  a  more  perfect  winding-on,  as  the  quadrant  is 
moved  the  same  distance  at  each  stretch  of  the  carriage.  They 
have  also  made  a  different  arrangement  of  the  headstock — or  self- 
acting  portion  of  the  mule— causing  its  height  to  be  much  reduced, 
which  makes  it  more  steady,  offers  less  obstruction  to  the  light, 
enables  the  Spinner  to  see  all  the  spindles  from  any  part  of  the 
mule,  and  allows  a  larger  driving  strap,  or  belt,  to  be  used,  which 
in  low  rooms  is  of  considerable  importance.  The  result  of  these 
various  improvements  is  the  productiou  of  one  of  the  most  perfect 
spinning  machines  now  in  the  trade. 

For  spinning  very  coarse  numbers,  say  6's,  they  have  patented 
an  arrangement,  by  which  the  rotation  of  the  spindles  can  be  stopped, 
and  the  Operation  of  backing-off  performed,  during  the  going-out  of 
the  carriage,  thus  effecting  a  considerable  saving  of  time. 

Ure's  Dicüonanj^   7th  ed,  1878. 
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The  art  of  weaving'^  is  coeval  with  civilisation,  therefore  the 
loom-  may  be  reckoned  amongst  the  earliest  of  man's  inventions; 
yet,  notwitlistanding  its  vast  age,  very  little  improvement  was 
effected  in  it  until  the  invention  of  Dr.  Cartwi'ight*  in  1787,' who, 
without  ever  having  seen  a  loom  in  his  life  before,  constructed  one 
to  work  by  machine -power.  In  its  simplest  form,  the  loom  is 
worked  by  band;  and  notwitlistanding  the  wonderful  improvements 
which  have  been  effected  in  the  power-loom^  since  its  invention, 
there  are  still  many  fabrics  ^  manufactured  by  hand-looms  in  this 
and  other  countries. 

In  India,  which  most  probably  is  the  native  country  of  the 
loom,  and  where  silks  of  almost  unrivalled  beauty  are  made,  the 
natives  continue  to  use  this  machine  in  its  most  primitive  form; 
two  trees  growing  near  together  form  their  standing  frame,  and  a 
few  pieces  of  bamboo,  together  with  some  pieces  of  string,  furnish 
all  they  want  besides. 

It  is  necessary,  in  order  to  give  the  construction  of  the  loom, 
to  explain  the  principle  of  weaving.  In  its  simplest  sense,  weaving 
consists  in  passing  one  set  of  threads  transversely  through  another 
set,  divided  into  two  series,  working  altei'nately  up  and  down,  so 
as  to  receive  the  transversa  threads  in  passing,  and  interlock  them, 
forming  thereby  a  united  surface  out  of  the  threads.  The  loom  is 
made  to  assist  the  weaver  in  this  Operation. 

The  frame  of  the  loom  holds  the  working-parts  in  their  proper 
Position.  At  each  end  of  the  frame,  two  rollers  are  placed  so  that 
they  will  readily  turn  on  their  axis;  and  from  one  to  the  other, 
the  threads  of  the  warp^  are  attached,  and  kept  tight  by  weights, 

1  Weaving  Weben,  Weberei,  to  ti-eave  weben,  weaver  Weber.  -  loom  Webstuhl,  hand- 
loom  Handstuhl,  power-loom  niechauiseher  Webstuhl,  Maschinenstuhl,  Kraftstuhl.  3  Zeug, 
Stoft".     ■*  icarp  Kette,  Zettel,  iceft  Einschuss,  Einschlag. 

*  Cartwright  was  a  minister  of  the  gospel,  and  unacquaiuted  with  mechanics;  but 
had  his  attention  turned  to  the  subject  by  a  remark,  that  when  Arkwright's  patents  ex- 
pired  so  many  persons  would  go  into  the  spinning  business  that  no  hands  would  be 
found  to  weave  the  cotton.  He  declares  that  his  first  attempt  was  a  most  rüde  piece  of 
machinery.  "  The  warp  was  placed  perpendicularly,  the  reed  feil  with  the  weight  of  at 
least  half  a  hundred  weight,  and  the  Springs  which  threw  the  Shuttle  were  strong  enough 
to  have  thrown  a  Congreve  rocket."  It  required  the  power  of  two  men  to  work  it.  He 
secured  his  patent  April  4,  1785.  He  then  went  for  the  first  time  to  see  how  other  people 
wove,  and  was  astonished  at  the  comparative  clumsiness  of  his  own  contrivance.  He 
went  on  improving,  and  took  out  his  last  patent  1787.  He  met  with  the  trouble  incident 
to  great  inventors  —  an  ignorant  populace  and  rieh  pirates.  He  spent  *  30,000  in  his 
endeavours  to  perfect  his  loom,  and  in  1808  reoeived  a  Parliamentary  grant  of  i  10,000 
for  his  great  national  Services.  On  this  sum  he  retired  to  a  farm  in  Kent,  and  spent  his 
declining  years  in  comfort,  occasionally  trotting  out  his  hobbies.  He  died  in  1823,  aged  80. 
Steam  was  applied  to  his  looms  in  1807.  In  the  power-loom,  five  distinct  actious  are  per- 
formed  by  steam-power:  1.  Eaising  and  lowering  alternately  the  two  sets  of  warp-threads; 
2.  Throwing  the  Shuttle;  3.  Driving  up  each  weft-thread"  after  the  Shuttle  is  thrown; 
4.  Uuwinding  the  warp  from  the  beam;  5.  Winding  the  cloth  on  the  cloth-roUer.  An 
arrangement  is  also  introduced  for  stopping  the  loom  when  a  thread  breaks,  when  the 
Shuttle  sticks  in  its  passage,  or  when  the  yarn  on  the  cop  contained  in  the  Shuttle 
has  run  out.  Ksight. 
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Thü  warp-tlireads  ■'  are  wouncl  round  onc  of  tlic  rollers,  called  the 
bcam  or  yarn-roll  •'j  ouly  as  niucli  of  eacli  thread  being  left  un- 
wound  as  will  reach  to  the  other  roUer,  whicli  is  the  cloth-heam  ^, 
to  which  the  ends  are  fastencd,  and  upon  whicli  the  cloth  is  wound 
as  it  is  woven. 

The  next  step  is  to  divide  the  warp-thread  into  two  equal  scts 
by  i'aising  up  every  altermite  one,  and  inserting  between  them  a 
smooth  rod  of  wuod,  to  provent  them  entangling  or  returning  to 
their  former  position.  This  Separation  takes  place  before  the  final 
fixing  of  the  ends  of  the  threads  to  the  cloth-beam,  because,  pre- 
vious  to  that,  each  thread  must  be  passed  through  a  small  loop  ^ 
in  a  perpendicular  thread  called  hcald^,  which  hangs  down  from  a 
rod.  There  are  always  two  sets  of  healds  in  the  simplest  form  of 
loom,  often  niany  more;  and  in  the  case  of  piain  weaving^'',  the 
threads  of  the  warp  are  divided  alternately  by  the  loops  of  each 
heald,  so  that  if  one  heald  is  raised,  it  iifts  every  alternate  thread 
of  the  warp,  and  if  the  other  is  depressed,  it  pulls  down  the  oppo- 
site  set  of  threads;  the  united  action  of  the  two  healds  opens  a 
Space  between  the  two  sets  of  warp-threads;  this  space  is  called 
the  shed^^  and  through  it  is  thrown  the  Shuttle '^^  which  carries  the 
thread  of  the  wcft^;  when  the  weft  has  passed  through,  the  healds 
are  reversed,  and  the  lowor  warp-threads  now  become  the  upper 
ones.  The  threads,  after  each  intersection,  are  driven  up  tight  by 
the  reed  ^'\  which  is  a  narrow  frame  with  transverse  wires  set  suffi- 
ciently  far  apart  for  a  single  thread  of  warp  to  pass  through  each; 
it  hangs  to  the  frame  called  the  hatten. '^^  The  movement  of  the 
hatten  is  produced  by  the  band  of  the  weaver,  whilst  that  of  the 
healds  is  readily  effected  by  trcadlcs.  ^^ 

Many  improvements  have  been  made  in  this  the  simplest  form 
of  loom,  but  the  chief  has  been  in  replacing  the  weaver's  band  in 
the  necessary  Operation  of  throwing  the  Shuttle  by  a  mechanical 
arrangement.  Without  this,  the  power-loom  would  not  have  suc- 
ceeded.  The  Shuttle'^'"  is  usually  made  of  box  or  some  other  hard 
wood;  and  the  blunt  points  are  covered  with  iron.  Formerly,  when 
used  entirely  by  the  band,  it  was  made  much  lighter  and  smaller 
than  at  present.  Those  now  in  use  are  about  a  foot  in  length  and 
rather  more  than  an  iuch  square  in  the  middle,  The  middle  part 
is  hollowed  out  into  a  «mall  box,  open  on  the  upper  side.  In 
this  box  the  hobbin  ^^,  on  which  the  yarn  or  thread  is  wound,  is 
placed,  with  its  two  ends  on  pivots,  admitting  of  its  being  turned 
by  the   slightest   strain  on  the  yarn;    the   end   of  the   yarn   passes 

5  Kettenfaden.  6  Kettenbaum,  G-arnbaura,  Hinterbanm.  7  Zeugbaum,  Vorderbaum. 
«  Schleife,  Auge.  9  heald,  heddle  Litze,  Helfe,  leaf  Schaft,  i"  piain  weating  Weben  der 
glatten  Stoffe,  fanc{i  icearing,  figure(d)  weaving  Musterweberei,  Weben  figurirter  Stoffe,  twill 
weating  Weben  geköperter  Stoffe,  n  Fach,  Sprung,  i'-  reed,  slcij,  slay  Blatt,  Kamm, 
Kietkamm;  split  oder  d>>nt  Zahn,  Riet.  13  hatten,  lay.  lathe  Schlag,  Lade,  temple,  stretcher 
Tempel,  Spannstock,  i-i  Fussschemel.  15  Shuttle  Weberschiffchen,  Schütze,  hand-shuttle 
Handschutze,  ßy-s?iuttle  Schnellschiitze.     16  Spule. 
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through  a  hole  in  tlie  side  of  the  Shuttle,  and  as  it  is  thrown 
backwards  and  forwards,  tlie  thread  unwinds  from  the  enclosed 
bobbin,   and  easily  runs  tbrougli  tlie  hole. 

In  the  improved  looms  for  power,  and  even  in  those  still  worked 
by  hand,  in  special  cases  the  arrangement  for  projecting  the  Shuttle 
backwards  and  forwards  is  very  simple.  On  each  side  of  the  loom, 
exactly  in  a  line  with  the  shed^^,  is  a  groove  of  about  eighteen 
inches,  in  which  the  Shuttle  lies  free;  and  there  is  a  very  simple 
arrangement  by  which  a  piece  of  leather  and  a  strap  are  made  to 
act  like  a  sling  on  each  side ;  and  the  grooves  or  sJmttle-races  ^^, 
as  they  are  called,  guide  the  movement  with  such  precision  that 
the  Shuttle  is  sent  flying  through  the  shed  from  side  to  side  with 
unerring  exactness.  Great  simplicity  and  compactness  is  now  attained 
in  the  power-loom,  three  of  which  can  stand  in  the  space  occupied 
by  one  of  the  cumbrous  machines  formerly  in  use.  There  are  few 
machines  in  use  which  have  had  more  mechanical  ingenuity  displayed 
in  their  improvement  than  the  loom. 

A  Jacquard  loom  ^^  is  a  loom  fitted  with  the  Jacquard  aj^paratus 
for  the  purpose  of  pattern-weaving.  If  a  pattern  ^^  has  to  be  pro- 
duced  either  in  piain  materials  or  in  varied  colours,  it  is  necessary, 
instead  of  raising  and  depressing  the  whole  threads  of  the  warp,  in 
two  sets,  as  above  described,  to  raise  only  such  as  are  required  to 
develop  the  various  parts  of  the  figure,  and  this,  of  course,  must 
be  done  with  great  exactness,  as  the  position  of  every  thread  teils 
upon  the  formation  of  the  pattern.  The  apparatus  Jacquard  is  for 
regulating  these  movements,  and  its  mode  of  action  is  as  follows: 
The  warp  threads  are  each  (as  in  the  common  weaving  process) 
passed  through  a  small  loop  in  the  lifting  thread,  so  as  to  be 
raised  by  means  of  the  treadles,  which  act  directly  upon  the 
lifting  bars'^^;  these  lifting  threads  are  attached  to  certain  wires 
in  the  Jacquard  apparatus,  which  form  a  rigid  continuatiqn  ending 
in  a  hook,  which,  when  nothing  interferes,  is  caught  and  raised  by 
the  lifting  bar.  Each  of  the  lifting  tvires  passes  through  a  hori- 
zontal needle'^^  placed  at  right  angles,  which  has  a  loop  formed 
for  the  purpose.  The  needle  passes  freely  through  an  opening  in 
the  frame,  and  is  so  looped  on  to  another  rod,  on  the  spring-hox  -^, 
that  it  moves  freely  without  fear  of  displacement,  and  if  pushed 
back  into  the  spring-house,  is  made  to  press  upon  a  spiral  spring -^ 
which  restores  it  to  its  place  tis  soon  as  it  is  freed  from  pressure. 
If  this  pressure  is  exerted  upon  some  of  the  lifting  wires,  they  are 
thrown  out  of  the  perpendicular,  and  consequently,  if  the  lifting  bar  is 
simultaneously  raised,  those  wires  are  missed,  whilst  the  other  wires, 
being  in  position,  catch  the  projections  on  the  lifting  bar,  are  drawn 

17  sltuttle-race  Schützenbahn,  shiittle-box  Schützenkasteu,  picier  Schneller,  Treiber, 
shuttle-check  Schützenwächter,  rfcoil  Rückschlag,  is  Jacquard(maschine).  i^  Muster. 
20  lifting-bar  Hebzeug,  Uftirt'j-blade  Hebmesser,  lißing-wire  Platine,  fiock  Haken.  '-^  Xadel. 
22  Federhaus.    23  Spiralfeder. 
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up  with  it,  and  thus  raise  the  threads  of  tho  warp  to  which  they 
are  attached. 

Now,  the  regulation  of  tliis  pressure  upon  the  horizontal  needles 
18  effected  by  a  revolving  Square  roller,  which  has  each  of  its  four 
sides  perforated  with  rows  of  holes,  which,  like  the  needles  of  the 
lifting  wires,  correspond  in  number  to  the  threads  of  the  warp. 
This  roller,  when  in  its  place,  receives  into  one  row  of  its  per- 
forations  the  whole  row  of  the  needles  where  they  project  through 
the  frame,  and  it  has  a  motion  given  by  the  machinery  which 
brings  each  row  on  its  four  surfaces  in  regulär  order  into  the  same 
Position,  and  if  no  impediment  is  offered  all  the  needles  are  un- 
disturbed,  and  the  upi'ight  wires  lift  the  entire  set  of  warp  threads 
to  which  they  are  attached.  But  in  order  to  produce  the  necessary 
variations  of  motion  required  by  the  pattern,  a  set  of  carcls'^  are 
made  each  of  the  width  of  the  square  roller;  these  also  are  so 
perforated  that  when  placed  on  the  surface  of  the  roller  their 
perforations  correspond  exactly  with  those  of  the  roller  immediately 
beneath  them;  but  the  cards  are  perforated  in  exact  accordance 
with  the  patterns,  so  that  intervals  occur  in  which  there  are  no 
perforations  to  correspond  with  those  on  the  roller;  hence  when 
the  roller  is  brought  up  to  the  frame,  some  of  the  needles  will 
find  entrance  into  the  holes  of  the  roller  through  the  corresponding 
perforations  in  the  covering  card;  but  others  will  be  prevented 
entering  by  the  absence  of  such  perforations,  and  the  card,  by  the 
resistance  it  offers,  will  force  the  needles  thus  opposed  back  upon 
the  Springs,  removing  thereby  the  hooks  of  the  lifting  wires  from 
the  action  of  tlie  lifting  bar.  The  cards  are  looped  together  at 
the  Corners,  and  move  as  an  endless  chain  on  the  rollers,  and  the 
entire  set  of  perforations  on  the  whole  chain  of  cards -^  exactly 
represents  the  pattern  to  be  produced;  the  same  as  the  notes  re- 
present  the  air  in  a  piece  of  music.  Of  course,  the  simple  Opera- 
tions here  described  require  mechanical  arrangements  of  great  nicety 
to  regulate  them,  and  these  are  so  complicated  that  mei'e  verbal 
description  would  hardly  help  much  to   explain  them. 

A  very  wonderful  simplification  of  the  Jacquard  apparatus  was 
shown  in  the  International  Exhibition  1862,  by  Eugenio  Vincenzi 
of  Modena,  by  which  a  saving  of  bulk  is  effected  and  the  toil  of 
the  artisan  greatly  lessened.  The  most  remarkable  pai-t  of  this 
new  invention  is  the  great  delicacy  of  the  needle  action,  so  that 
there  is  no  shock  when  the  card  offers  resistance,  hence  the  inventor 
has  been  enabled  to  Substitute  paper  for  thick  cardboard.  This 
beautiful  little  loom  will  certainly  displace  the  ordinary  Jacquard, 
if  it  is  not  itself  superseded  by  the  wonderful  invention  of  the 
electric  loom  by  Signor  Bonelli.  Chambers's  Encyclo2)Cüdia. 

24  Karte;  cardboard  Pappe.     23  Kartenkette. 
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Calico-printing'^  is  the  art  of  prodvicing  a  pattern  on  cotton 
clotli,  by  printing  in  colours,  or  mordants,  which  become  colours, 
when  subsequently  dyed. 

Colouring  substances  for  calico-printing  are  divided  into  Sub- 
stantive and  adjective.  The  former  are  capable  of  producing  per- 
manent dyes  of  themselves;  tbe  latter  require  certain  intermediate 
matters,  called  mordants.  The  commonest  mordants  are  the  acetate 
of  iron,  the  acetate  of  alumina,  and  some  Solutions  of  tin. 

The  styles  of  calico-printing  may  be  classed  as  foUows:  — 

1.  Madder  or  clnntz  style. — The  parts  of  the  cloth  which  are 
to  have  a  madder  colour  imparted  to  them  are  printed  with  a 
mordant.  After  affeing,  that  is,  allowing  the  mordant  to  become 
finnly  attached  to  the  cloth,  the  superfluous  mordant  is  washed 
away  by  a  warm  mixture  of  cow-d-iing  and  water.  It  is  theu 
washed  and  ivinced  in  a  weak  Solution  of  alum  and  size.  It  is 
then  drawn  through  a  coloured  Solution,  and  this  becomes  fixed  in 
the  parts  where  the  mordant  has  been  applied.  The  cloth  is 
washed  in  soap  and  water,  bran  and  water,  or  dilute  Solution  of 
Chloride  of  lime,  which  removes  the  dye  from  the  unmordanted 
portion  of  the  cloth.  It  is  then  ready  for  rinsing,  drying,  starching, 
calendering,   and  folding.  ** 

2.  Printing  hy  steam. — In  this  process  the  colours  printed  with 
a  mordant  are  fixed  by  steam  driven  through  the  cloth  and  acting 
upon  the  mordant.  After  drying  and  ageing,  the  thickening  ma- 
terial  is  washed  out,  and  the  cloth  finished  in  the  usual  manner  by 
starching  and  calendering. 

3.  The  x^adding  or  plaquage  style.  —  By  this  a  pattern  may  be 
produced  on  white  or  coloured  ground,  or  a  ground  may  be  formed 
for  a  design  in  other  colours.  The  cloth  is  spread  with  a  coloured 
paste,  dried,  and  then  printed  with  another  coloured  Solution;  a 
chemical  reaction  takes  place  where  the  colours  are  mingled,  forming 
a  pattern  upon   the   general   gTound  of  the  former  colour.     This  is 

*  Calico  is  a  term  for  any  white  cotton  cloth,  which  was  first  manufactured  in,  and 
introduced  from,  India.  In  this  country  (England)  we  have  shirting  calicoes,  unbleached 
callcoes,  and  the  llke.  In  the  United  States  the  term  is  restricted  to  cotton  cloths  having 
patterns  printed  upon  them.  Calico  derives  its  name  from  Calicut,  a  town  in  India, 
formerly  celebrated  for  its  mauufactures  of  cotton  cloth,  and  where  calico  was  also  ex- 
tensively  printed.  Ure's  Dictionary. 

**  Jied  liquor  is  the  technical  name  for  the  pyrolignite  of  alumina  used  as  mordant 
for  red,  «Sc.  Iron  liquor  is  the  pyrolignite  of  iron  used  as  mordant  for  black,  purple,  &.Q. 
Colours,  either  red  or  purple,  applied  on  the  top  of  already  printed  colours  are  called 
'covering'  colours  when  a  small  patteru  is  applied,  and  'padding'  colours  when  a  uniform 
shade  without  pattern  is  applied.  Chint:  is  probably  derived  from  the  East,  the  Hindoo 
name  cheent,  and  the  Persian  chim,  signifying  spotted  or  stained.  The  term  is  applied  in 
England  to  a  fast-printed  calico,  in  which  several  colours  are  imprinted  upon  a  white  or 
coloured  ground,  and  usually  glazed.  Dunging  is  always  performed  twice:  the  first  time 
in  a  cistern  with  rollers;  and  the  second  in  a  beck  similar  to  a  dye-beck,  washing  well 
between.     The  first  is  caAled  ß>j-dungmg;  the  other,  second  dunging.       Uke's  Dictionary. 
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tlie   style   referred   to    by  Pliuy, — "a  design  on   a  white   ground  ia 
produced  by  printing  \vith  one  Solution  and  wincing  in  the  other." 

4.  The  rcsist  or  rcscrvc  style. — The  white  cloth  is  printed  with 
ii  paste  which  resists  the  action  of  colour  when  tlie  cloth  is  placed 
in  the  vat.  The  cloth  is  then  dyed  in  the  piece,  and  sub- 
sequent  wasliing  removes  the  dye  froni  the  part  protected  by  the 
resist-pastc. 

5.  The  discharge  or  rongeant  style. — The  dyed  er  luordanted 
cloth  is  printed  with  a  discharger,  which  renders  the  colour,  where 
it  is  impressed,  colourless  or  soluble,  so  that  it  may  be  washed  out. 

6.  The  cliina-hlnc  style.*  —  This  is  only  practised  with  indigo,  of 
which  several  shades  niay  be  associated  with  white.  The  bleached 
calico  is  printed  with  a  combination  of  indigo  and  other  materials, 
aged,  and  immersed  successively  in  three  Solutions.  The  effect  is 
to  cause  the  surface  indigo  to  permeate  the  cloth  and  become 
precipitated  in  an  insoluble  form.  All  indigo  styles  are  fast  or 
permanent. 

7.  De  Colon  ring  or  cnlevage  style. — The  dyed  goods  are  treated 
with  chlorine  or  chromic  acid  to  discharge  the  colours  at  the 
required  places. 

8.  Spirit-colouv  printing. — The  colours  are  produced  by  a  mix- 
ture  of  dye  extracts  and  Solution  of  tin,  called  by  the  dyers  sxnrits 
of  tin. 

9.  The  bandanna  style,  in  which  spots  are  left  white  by  topical 
pressure  on  the  parts,  preventing  the  access  of  the  dye. — 

There  are  several  mechanical  modes  of  printing  calico: — 

a.  Wooden  blocks  prepared  with  a  pattern  on  one  surface  and 
pressed  down  on  the  cloth  bj-  band. 

b.  Several  such  blocks  fixed  in  a  frame  and  worked  by  machinerj'. 

c.  The  pattern  eugraved  on  a  flat  copper  plate,  which  is  pressed 
down  upon  the  cloth. 

d.  The  pattern  is  engraved  on  a  copper  cylinder,  over  the  sur- 
face of  which  the  cloth  is  made  to  travel.  By  a  combination  of 
cylinders,  various  colours  are  laid  on  to  form  a  various-coloured 
priut. 

All  the  cheaper  printed  cottons  are  now  printed  by  the  cylinder 
process.  The  pattern  is  engraved  on  a  roller  of  soft  steel,  about 
three  inches  long  and  one  in  diameter,  called  the  die,  so  as  to 
exactlj-  occupy  its  external  surface;  this  is  hardened  by  being  heated 
to  redness  and  suddenly  plunged  in  cold  water,  The  design  is  then 
transferred  by  meaus  of  a  rotatory  press  from  the  die  to  a  similar 
small  roller  in  a  soft  state,  called  the  mill,  producing  an  Impression 
in  relief.  The  mill  is  then  hardened  and  placed  in  a  rotary  press, 
imprinting  the  pattei'u  on  the  copper  cylinder  from  30  to  40  inches 

*  China  blue,  so  called  from  the  shade  of  blue  resembling  that  on  porcelain.       Uee. 
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long  and  from  4  to  12  inclies  wide,  from  which  the  calico  is 
printed;  the  Impression  has  to  be  repeated  a  sufficient  number  of 
times  to  cover  the  face  of  the  copper  cylinder,  care  being  taken  to 
make  the  junctions  of  the  small  cylinder  accurately  fit   each  other. 

For  costly  and  delicate  goods,  such  as  shawls  and  velvets,  the 
block  method  of  printing  is  still  adhered  to.  In  this  method,  each 
colour  has  a  block  to  itself,  on  which  a  certain  portiou  of  the 
pattern  is  cut  or  engraved;  the  blocks  are  used  singly  and  by 
hand,  each  printing  as  much  as  its  size  will  permit.  Where  the 
whole  design  is  but  a  repetition  of  one  small  pattern,  the  whole 
surface  of  the  cloth  is  printed  by  a  succession  of  applications  of 
the  same  two  or  three  blocks;  but  where  a  large  shawl,  for 
example,  displays  a  design  which  is  not  merely  a  repetition  of 
small  bits  of  pattern,  the  number  of  blocks  often  becomes  mul- 
tiplied  to  an  extraordinary  degree.  A  fine  barege  shawl  is  men- 
tioned  as  having  required  more  than  five  hundred  blocks  to  pro- 
duce  the  entire  pattern,  every  one  representing  a  different  part  of 
the  device,  either  in  colour  or  pattern,  from  any  of  the  others. 
The  great  number  of  the  blocks  in  such  a  case  is  principally  due 
to  the  fineness,  intricacy,  and  the  non-repetitive  character  of  the 
pattern,  and  not  to  its  size,  unlike  the  loud  trowsers  pattern  of 
Regent  Street,  which  required  that  three  gentlemen  should  walk 
abreast  to  exhibit  it. 

In  the  calico-printing  machine,  the  pattern  is  engraved  on  cy- 
linders  of  copper,  which  supply  themselves  with  their  respective 
colours  during  their  revolutions,  by  means  of  inking-aprons,  from 
colour-tubs.  Each  cylinder  is  engraved  with  its  portion  of  the 
pattern  in  relief,  and  they  are  so  arranged  that  each  makes  its 
Impression  in  the  exact  spot  in  relation  to  the  other  parts  of  the 
pattern. 

In  another  form  of  the  machine,  each  copper  cylinder  is  en- 
graved with  as  much  of  the  pattern  as  the  printing  in  a  particular 
colour;  the  pattern  being  sunken  in,  not  raised  upon,  the  cylinder. 
The  cylinders  are  arranged  horizontally,  and  each,  as  it  rotates, 
dips  into  a  trough  containing  its  own  particular  colour,  mixed  as 
a  thickish  liquid.  A  long  knife,  called  doctor,  then  comes  in  con- 
tact  with  the  surface,  and  scrapes  off  all  the  colour,  except  that 
contained  in  the  engraved  lines  of  the  pattern.  The  cloth  is  made 
to  travel  over  rollers  and  beams,  and  to  come  in  contact  with  the 
printing- cylinders  in  succession,  being  pressed  upon  each  in  its 
passage,  and  receiving  from  each  an  Impression.  The  cylinders  are 
exactly  placed  in  reference  to  the  pattern,  and  the  tension  and 
rate  of  the  cloth  is  so  regulated  that  it  comes  to  each  cylinder  in 
exact  time  and  place  to  receive  each  colour  in  proper  relation  to 
each  other.  Knight's  American  Mechanical  Bidmiary. 
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Eneroy^  is  tho  capacity  of  a  moving  body  to  overcome  re- 
sistance  offeri'd  to  its  motion^;  it  is  measured  either  by  the  pro- 
duct  of  tho  mean  resistance  into  the  space  through  which  it  is 
overcome,  ov  by  the  balf-product  of"  the  mass  of  the  body  into  the 
Square  of  its  velocity.  '^  Kinetic  energy  is  the  actual  enurgy  of  a 
moving  body;  potcntial  energy  is  the  measure  of  the  work  which  a 
body  is  capable  of  doing  undtT  certain  conditions  which,  without 
expending  energy,  may  be  madc  to  aifect  it,  a.s  by  the  breaking  of 
a  cord  by  which  a  weight  is  suspended,  or  by  firing  a  mass  of  ex- 
plosive material.  The  British  measure  of  energy  is  the  foot-poiind; 
the  metric  measure  is  the  lilogrnmmetre. 

Energy,  whether  kinetic  or  potential,  may  be  observable  and 
due  to  mass-motion;  or  it  may  be  invisible  and  due  to  molecular^ 
movemeuts.  The  energy  of  a  heavenly  body  or  of  a  cannon-shot, 
aud  that  of  heat  or  of  electrica!  action,  are  illustrations  of  the 
two  classes.  In  Nature  wo  find  utilizable  potential  energy  in  fuel'*, 
in  food,  in  any  available  head  ^  of  water,  and  in  available  chemical 
affinities.  ^  We  find  kinetic  onergy  in  the  motion  of  the  winds  and 
the  flow  of  running  water,  in  the  heat-motion  of  the  sun's  rays,  in 
heat-currents  ^  on  the  earth,  and  in  many  intermittent  movements  of 
bodies  acted  on  by  applied  forces,  natural  or  artificial.  The  poten- 
tial energy  of  fuel  and  of  food  has  already  been  seen  to  have  been 
derived,  at  an  earlier  period,  from  the  kinetic  energy  of  the  suu's 
rays,  the  fuel  or  the  food  being  thus  made  a  storehouse  or  reser- 
voir  of  energy.  It  is  also  seen  that  the  animal  system  is  simply  a 
"mechanism  of  transmission"  ^  for  energy,  and  does  not  create  but 
simply  diverts  it  to  any  desired  direction  of  application. 

All  the  available  forms  of  energy  can  be  readily  traced  back 
to  a  common  origin  in  the  potential  energy  of  a  imiverse  of  nebu- 
lous  substance  (chaos),  cbnsisting  of  infinitely  diffused  matter  of 
immeasurably  slight  density,  whose  "energy  of  positiou"  liad  been, 
since  the  creation,  gradually  going  through  a  process  of  transfor- 
mation  into  the  several  forms  of  kinetic  and  potential  energy  above 
specified,  through  intermediate  methods  of  action  which  are  usually 
still  in  Operation,  such  as  the  potential  energy  of  chemical  affinity, 
and  the  kinetic  forms  of  energy  seen  in  solar  radiation  ^,  the  rota- 
tion  of  the  earth,    and  the  heat  of  its  interior. 

1  The  term  energy  was  first  used  by  Dr.  Youug  as  the  equivalent  of  the  work  of  a 
moving  body,  in  his  "'Lectures  on  Natural  Philosophy".  S.  Teil  I.  Nr.  8  "Work  and 
Knergy".  Potential  energij  Spannkraft,  potentielle  oder  mögliche  Energie,  kinetic  (oder 
actual)  enenj'j  wirkliche,  kinetische  Energie;  foot-pound  Fusspfund,  the  work  j^erformed  in 
lifting  a  weight  of  one  pound  through  a  height  of  one  foot ;  mechanical  equiralent  of  heat 
mechanisches  Wärmeäquivalent.  -  io  overcome  resistance  Widerstand  überwinden,  motion 
Bewegung,  rest  Ruhe,  velocity  Geschwindigkeit,  s.  Teil  I,  Kr.  1,  3  motfcul''  Molekül,  atom 
Atom,  vtolecutar  forces  Molecularkräfte,  s.  T.  I,  Jfr.  1.  4  Brennstoff,  s  Gefälle,  s.  Nr.  11,  20. 
■6  chemische  Verwandtschaft,  Affinität.  ^  Wärmeströmung,  s  Umsetzungsmechanismus. 
'  Strahlung. 
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The  measure  of  any  given  quantity  of  energy,  wliatever  may  be 
Its  form,  is  tlie  product  of  the  resistance  whicli  it  is  capable  of 
overcoming  into  the  space  through  which  it  can  move  against  that 
resistance,    i.  e.,    hy   the   product  RS.     Or   it  is   measured   by   the 

equivalent   expressions  -^MV^,    or  — — ,    in  which  W  is  the  weight, 

M  is  the  "mass"  of  matter  in  motion,  V  the  velocity,  and  (/  the 
dynamic  measure  of  the  force  of  gravity  *°,  321  feet,  or  9.8  metres,' 
per  second. 

There  are  three  great  latvs  of  enerffetics*: 

1.  The  sum  total  of  the  energy  of  the  universe  is  invariable. 

2.  The  several  forms  of  energy  are  interconvertible  ^^,  and  possess 
an  exact  quantitative  equivalence.  ^^ 

3.  The  t.endency  of  all  fonns  of  kinetic  energy  is  continually 
toward  reduction  to  forms  of  molecular  motion,  and  to  their  final 
dissipation  ^3  uniformly  throughout  space. 

The  history  of  the  first  tvvo  of  these  laws  has  already  been 
traced.  The  latter  was  first  enunciated  by  Prof.  Sir  William  Thomson 
in  1853.     Undissipated  energy  is  called  "Entrophy".  ^* 

The  science  of  thermo-dynamics  is,  as  has  been  stated,  a  branch 
of  the  science  of  energetics,  and  is  the  only  branch  of  that  science 
in  the  domain  of  the  physicist  which  has  been  very  much  studied. 
This  branch  of  science,  which  is  restricted  to  the  consideration  of 
the  relations  of  heat-euergy  to  mechanical  energy,  is  based  upon 
the  great  fact  determined  by  Rumford  and  Joule,  and  considers 
the  behaviour^^  of  those  fluids  which  are  uaed  in  heat-engines  as  the 
media  ^"^  through  which  energy  is  transferred  from  the  one  form  to 
the  other.  As  now  accepted,  it  assumes  the  correctness  of  the 
hypothesis  of  the  dynamic  theory  of  fluids,  which  supposes  their 
expansive  force  ^'  to  be  due  to  the  motion  of  their  molecules. 

This  idea  is  as  old  as  Lucretius,  and  was  distinctly  'expressed 
by  Bernouilli,  Le  Sage  and  Prevost,  and  Herapath.  Joule  recalled 
attention  to  this  idea,  in  1848,  as  explaining  the  pressure  of  gases 
by  the  impact  ^®  of  their  molecules  upon  the  sides  of  the  containing 
vessels.  Helmholtz,  ten  yeai's  later,  beautifully  developed  the 
mathematics  of  media  composed  of  moving,  frictionless  particles, 
and  Clausius  has  carried  on  the  work  still  further. 

10  Schwei'kraft.  n  gegenseitig  umsetzbar.  12  Aequivalenz,  Gleichwertigkeit,  is  Zer- 
streuung,    i*  Entrop(h)ie.     is  Verhalten.     I6  s.  Teil  I,  1,    2.     i^  Expansivkraft.     18  Stoss. 

*  The  science  of  mechanics  comprehends  four  sections,  which  are  of  general  appli- 
catiou  in  the  study  of  all  physical  phenomena.     These  are : 

Statics,   which  treats  of  the  action  and  effect  of  forces. 

Kinematics,   which  treats  of  relations  of  motion  simply. 

Dynamics,  or  kinetics,  which  treats  of  simple  motion  as  an  effect  of  the  action  of  forces. 

Energetics,  which  treats  of  modifications  of  energy  ander  the  action  of  forces,  and  of 
its  transformation  from  one  mode  of  manifestation  to  another,  and  from  one  body  to 
another. 

Under  the  latter  of  these  four  divisions  of  mechanical  philosophy  is  comprehended 
that  latest  of  the  minor  scieuces,  of  which  the  heat-engines,  and  especially  the  steam- 
engine,  illustrate  the  most  important  applications — Thermo-dynamics. 
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The  general  conception  oi'  a  ffas^'-',  as  lieUl  to-day,  inchiJing 
tbe  voi'tex-atom  theory  of  Thomson  and  Kankine,  supposes  all  bo- 
dies  to  consist  oi"  sniall  particles  called  violcculcs,  each  of  whidi  ig 
a  chemical  aggregation  of  its  ultimate  parts  or  atoms.  "^  These  molc- 
cules  are  in  a  state  of  continual  agitation,  which  is  known  as  heat- 
motion.'-'^  The  higher  the  temperature,  the  niore  violent  this  agitation; 
the  total  quantity  of  motiou  is  measured  as  vis  viva  by  the  half- 
product  of  the  mass  into  the  square^^  of  the  velocity  of  molecular 
movement,  or  in  heat-units-^  by  the  same  product  divided  by  Jonlc's 
cquivalcnt.  In  solids,  the  ränge  of  motion  is  circumscribed,  and 
change  of  form  cannot  take  place.  In  fluids,  the  motion  of  the 
niolecules  lias  beconie  sufiicieutlj'^  violent  to  enable  them  to  break 
out  of  this  ränge,  and  their  motion  is  then  no  longer  definitely 
restricted. 

The  laws  of  thermo-di/namics  are: 

1.  Heat-energy  and  mechanical  energy  are  mutually  convertible  ^  ^, 
one  British  thermal  unit-^  being  the  equivalent  in  heat-energy  of  772 
foot-pounds  of  mechanical  energj^,  and  one  metric  calorie  equal  to 
423.55   kilogrammetres  of  work. 

2.  The  energy  due  to  the  heat  of  each  of  the  several  equal 
parts  into  which  a  uniformly  bot  substance  may  be  divided  is  the 
same;  and  the  total  heat-energy  of  the  mass  is  equal  to  the  sum 
of  the  energies  of  its  parts.* 

It  follows  that  the  work  performed  by  the  transformation  of 
the  energy  of  heat,  during  any  indefinitely  small  Variation  of  the 
State  of  a  substance  as  respects  temperature,  is  measured  by  the 
product  of  the  absolute  temperature  into  the  Variation  of  a  'Function'' \ 
which  fuuction  is  the  rate  of  Variation  of  the  work  so  done  with 
temperature.  This  function  is  the  quantity  called  by  Rankine  the 
'^'■heat-potmtiaV  of  the  substance  for  the  given  kind  of  work.  A 
similar  function,  which  comprehends  the  total  heat-variation,  includ- 
ing  both  heat  transformed  and  heat  needed  to  effect  accompanying 
physical  changes,  is  called  the  "thermo-dynamic  function.''''  Rankine's 
expression  for  the  general  equation  of  thermo-dynamics  includes  the 
latter,  and  is  given  by  him  as  follows: 

idh  =  dH  =  Jcdx  +  TcZF  =  Tc/9, 
in  which  J  is  Joule's  equivalent,  dJi  the  Variation  of  total  heat  in 
the  substance,  Mx  the  product  of  the  "dynamic  specific  heat"  into 
the  Variation  of  temperature,  or  the  total  heat  demanded  to  pro- 
duce  other  changes  than  a  transformation  of  energy,  and  xdF  is  the 
work  done  by  the  transformation  of  heat-energy,  or  the  product 
of  the  absolute  temperature,  t,  into  the  diflferential  of  the  heat- 
potential.    <p  is  the  thermo-dynamic  function,  and  Tf?9  measures  the 

19   8.  Teil  I,  Nr.  6,    i.     20  "Wärmebe-wegung.    21  Quadrat.     32  Wärmeeinheit. 
*   This  uuiformity  is  not  seen  where  a  substance  is  cbauging  its  physical  state  while 
developing  its  heat  energy,   as  occurs  with  steam  doing  work  while  expanding. 
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whole  heat  needed  to  produce,  simultaneously,  a  certain  amount  of 
werk  or  of  mechanical  energy,  and,  at  the  same  time,  to  change 
the  temperature  of  the  working  substance. 

Studying  the  behaviour  of  gases  and  vapors,  it  is  found  that 
the  work  done  when  they  are  used,  like  steam,  in  heat-engines, 
consists  of  three  parts : 

a.  The  change  effected  in  the  total  actual  heat-motion  of  the  fluid. 

1).  That  heat  which  is  expended  in  the  production  of  internal  work. 

c.  That  heat  which  is  expended  in  doing  the  externa!  work  of 
expansion.  ^^ 

In  any  case  in  which  the  total  heat  expended  exceeds  that  due 
to  the  production  of  work  on  external  bodies,  the  excess  so  supplied 
is  so  much  added  to  the  intrinsic  energy  of  the  substance  ab- 
sorbing  it. 

The  application  of  these  laws  to  the  working  of  steam  in  the 
engine  is  a  comparatively  recent  step  in  the  philosophy  of  the 
steam-engine,  and  we  are  indebted  to  Rankine  for  the  first,  and  as 
yet  only,  extended  and  in  any  respect  complete  treatise^*  embodying 
these  now  accepted  pi-inciples. 

Thueston^^   A  Eistory  of  the  Steam  Enghie. 
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The  useful  ivork  ^  of  a  machine  is  that  which  is  performed  in 
efifecting  the  purpose  for  which  the  machine  is  designed.  The  lost 
work  is  that  which  is  performed  in  producing  eflfects  foreign  to 
that  purpose.  The  resistance  overcome  in  performing  those  two 
kinds  of  work  are  called  respectively  useful  resistance  and  pre- 
judicial  resistance.  ^ 

The  useful  and  the  lost  work  of  a  machine  together  make  up 
its  total  or  gross  work.  ^ 

In  a  pumping  engine  ^,  for  example,  the  useful  work  in  a  given 
time  is  the  product  of  the  weight  of  water  lifted  in  that  time  into 
the  height  to  which  it  is  lifted:  the  lost  work  is  that  performed  in 
overcoming  the  friction^  of  the  water  in  the  pumps  and  pipes,  the 
friction  of  the  plungers,  pistons,  valves,  and  mechanism,  and  the 
resistance  of  the  air  pump  and  other  parts  of  the  engine. 

In  many  engines,  there  is  a  great  difficulty  in  precisely  drawing 

23  internal  (external)  work  innere  (äussere)  Arbeit,  expansion  Ausdehnung. _  24  "The 
Steam-Engine  and  other  Prime  Movers "  1859.  25  Professor  of  Mechanical  Engineering  in 
the  Stevens  Institute  of  Technologj-,  Hoboken,   N.  J. 

1  Work  Arbeit,  leseful  u-orl-  Nutzarbeit,  lost  work  Nebenarbeit,  total  or  gross  uork  Total- 
arbeit, quantity  of  work  Arbeitsgrösse,  nnit  of  work  Arbeitseinheit.  2  uieful  (prejudicial) 
resistance  nützlicher  (schädlicher)  Widerstand.     3  g.  ifr.  8.    *  Keibung,   s.  Nr.  8,  16. 
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the  line  between  uset'ul  work  aml  lost  work.  In  tlie  case  of  Prirao 
Movere,  that  difficulty  .seldi)in  exists.  Thoy  are  niachines  for  driving 
other  niachines;  so  that  their  useful  work  is  that  performed  in 
overcoming  tlie  resistances  of  the  niachines  which  they  drive;  and 
their  lost  work  is  that  performed  in  overcoming  their  own  re- 
sistances. 

There  are  some  cases,  sucli  as  those  of  muscular  power  and  of 
windniills,  in  which  the  useful  work  of  a  prime  mover  can  be 
determined,  but   not  the  lost  work. 

The  cfßcicnc)!  •'  of  a  niachine  is  a  fraction  ^  expressing  the  ratio  '' 
of  the  useful  work  to  the  whole  work  performed,  which  is  equal 
to  the  energy  expended.  The  limit  to  the  efficiency  of  a  machine 
is  tmity  ^,  denoting  the  efficiency  of  a  perfect  machine  in  which  no 
work  is  lost.  The  object  of  improvements  in  machines  is  to  bring 
their  efficiency  as  near  to  unity   as  possible. 

The  poicer  ^  of  a  machine  is  the  energy  exerted,  and  the  effect, 
the  useful  work  performed,  in  some  interval  of  time  of  definite 
length.  The  unit  of  power  called  conventionally  a  horse-poiver  ^*^, 
is  550  foot  pounds  per  second,  or  33,000  foot  pounds  per  minute, 
or  1,980,000  foot  pounds  per  hour.  The  effect  is  equal  to  the 
power  multiplied  by   the  efficiency.* 

Raxkixe,   The  Stcam  Engine. 
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Boiler,  the  name  given  to  a  vessel  in  which  steam,  usually  for 
a  steam-engine,  is  generated.  In  its  simplest  form,  it  consists  of 
a  close  vessel  raade  of  metal  plate,  having  apertures  for  the  ad- 
mission  of  water  and  egress  of  steam,  fitted  with  apparatus  for 
sliowing  the  level  of  the  water  ^  and  the  pressure  of  the  steam  -, 
and  in  connection  with  a  furnace  •^,  either  internal  or  external. 
When  water  is  boiled  in  an  open  pan,  the  temperature  of  the  water 
and   of  the  steam  rising  from  it,    remains  at  or  very  near  212"   F., 

5  Wirkungsgrad,  Gilteverhältniss.  c  Bruch,  s.  T.  I,  Xr.  41,  S2.  "  Verhältuiss.  **  Ein- 
heit, Eins,  3.  Xr.  1,    4.     "  poK-er  Kraft,  offect  Effect,     i»  Pferdestarke,  Pferdekraft. 

1  Wasserstand.     -  Dampfdruck.     3  Ofen. 

*  Power  and  dutij  are  not  synonynious,  but  opposite  terms.  Power  means  the  quantity 
of  work  that  can  be  performed  in  a  given  time;  dutij  signifies  the  amount  of  work  that 
can  be  performed  with  a  given  expenditure  of  fuel.  To  obtain  the  füll  amount  of  power, 
the  steam  is  worked  at  füll  pressure  the  whole  of  the  piston-stroke;  to  obtain  the  bighest 
duti/,  it  is  used  expansively.  Power  lias  no  reference  to  the  quality  of  an  engine,  but  to 
the  capacity  of  its  cylinder  in  connection  with  a  stated  pressure  of  steam;  economy  or 
waste  of  steam  in  working  does  not  enter  into  the  question.  Duti/  disregards  time,  and 
the  size  or  power  of  the  engine;  it  merely  inquires  how  much  work  is  done  by  a  giveu 
expenditure  of  fuel.  Knibht. 

**  S.   Technical   Vccabularu,   eh.  .'»'i. 
Weeshovkn.    II.  G 
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and  the  tension'*  or  pressui'e  of  the  steam  is  no  more  tlian  sufficient 
to  make  its  way  into  the  atmosphere,  being  exactly  equal  to  tl:iat 
exerted  in  all  directions  by  the  atniosj)here  itself — namely,  14.7  Ibs. 
per  Square  inch.  In  a  close  vessel,  on  the  other  hand,  the  tempe- 
rature  and  pressure  to  which  we  can  raise  the  steam  are  only 
limited  by  the  strength  of  the  vessel  or  boiler  against  bursting.  ^ 

The  form  of  a  boiler  is  determined  by  two  considerations — namely, 
strength  to  withstand  internal  pressure,  and  efficiency  in  producing 
steam;  and  the  object  of  the  designer  is  to  combine  in  one  appa- 
ratus  sufficient  strength  to  work  safely  at  the  proposed  pressure, 
with  such  a  form  and  arrangement  as  shall  abstract  the  maximum 
of  heat  from  the  gases  of  combustion  '^,  and  at  the  same  time  be  in 
all  respects  suitable  to  the  special  circumstance  of  the  case.  The 
globular  form  is  that  best  adapted  for  strength,  and  was  the  earliest 
to  be  used.  It  presents  to  the  fire,  however,  the  minimum  area^ 
in  Proportion  to  its  Contents  '^,  and  therefore  has  a  minimum  effi- 
ciency. ^■'  After  spherical  boilers,  cylindrical  ones  came  into  use,  at 
first  set  on  end,  and  afterwards  laid  on  their  sides,  and  later  on, 
these  were  furnished  with  internal  cylindrical  tubes  for  furuaces. 
Watt's  ^'■■wagon  boiler"  ^^  (so  called  from  its  shape)  was  used  for 
many  years,  but  being  quite  unfit  for  any  but  the  lowest  pressures, 
it  has  long  been  discarded;  and  the  "  Cf/r/-ended"  boiler,  or  piain 
cylinder  with  hemispherical  ends^\  also  much  used  at  one  time,  has 
now  aimost  disappeared  on  account  öf  its  small  evaporative  effi- 
ciency. At  present,  it  is  quite  common  to  use  a  working  steam- 
pressure^  of  50  Ibs.  per  Square  inch  in  ordinary  factory  boilers, 
and  in  some  cases  this  is  already  greatly  exceeded,  while  the  ten- 
dency  to  use  higher  pressures  seems  to  grow  yearly.  Under  these 
pressures,  the  only  forms  of  boiler  which  can  be  used  without  heavy 
and  expensive  internal  stays'^'^  to  prevent  the  danger  of  bursting, 
are  the  globular  and  the  cylindrical.  The  former  shape  is  rejected 
for  the  reason  already  given,  and  the  latter  form  is  used  aimost 
exclusively  in  the  construction  of  modern  boilers,  as  will  be  seeu 
from  the  examples  given  below.  The  ends  of  the  cylinders,  when 
it  is  necessary  to  make  them  flat,  must,  of  course,  be  strengthened 
by  stays. 

Boilers  may  be  classified  in  several  ways — as  1)  Horizontal  and 
Vertical;  2)  Internalli/ ixnd  externalhj  firccl^^;  and  3)  Piain,  3Iulti- 
tiibidar-^  and  TuMlons.  Large  boilers  are  aimost  iuvariably  hori- 
zontal, but  small  vertical  boilers  are  ofteu  used.  They  are  employed 
in  steam-cranes  ^*  and  other  situations  where  great  length  would  be 
an  inconvenience,  and  offen  in  traction-engines,  where  steep  inclines^^ 

4  Spannung.  5  bersten,  explodiren;  hoiler  explosion  Keaselesplosion,  Isr.  29.  6  Ver- 
breunungsgase.  7. Fläche,  Oberfläche.  8  Inhalt.  »  s.  Nr.  26,  .=..  i«  Koffer-  oder  Wagen- 
kessel. 11  mit  halbkugelförmigen  Böden.  12  Stehbolzen.  13  mit  Innen- und  Aussenfeuerung. 
1*  Dampfkran.     15  Steigung,  Gefälle,  s.  Teil  III. 
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liHVe  tu  bo  travorsi'd,  and  wlicrc,  if  a  locomotivc  hoilcr  "'  were  used, 
une  or  the  otlier  end  ot'  tlie  tubcs  mij^dit  Ijccome  uncovored  and  so 
get  burned.  In  Great  Britain,  wlieii  modeiatoly  good  tueP^  is  used, 
boilers  with  an  internal  furnace  are  generally  preferrod;  but  on  the 
continent  the  common  brown  coal  is  much  inferior  to  our  fuol,  and 
a  corrcsi)ondingly  larger  quantity  of  it  must  bu  used  to  gonc-rate  "* 
a  given  volunie  of  steam.*  As  tho  size  of  a  furnace  limits  the  fuel 
which  it  cau  burn,  this  frequeiitly  involves  having  a  much  larger 
grate  '■'  than  could  be  conveniently  »rranged  inside  the  boiler,  and 
on  this  and  otlier  accounts  boilers  are,  on  the  continent,  more  fre- 
(juenily  cxternallij  fired  than  in  this  country.  Under  the  head  of 
^'plain''  boilers  come  all  ordinary  cylindrical  hoilers^^',  with  or 
without  internal  l'urnaces,  horizontal  or  vertical.  They  are  the 
cheapest  and  simplest  which  cau  be  madc,  and,  if  properly  pro- 
portioned,  possess  a  considerable  evaporative  efficiency.  When  it  is 
necessary  however,  to  economize  fuel,  or  space,  or  both,  "nndti- 
iuhtday'  boilers ^^  are  used.  These  derive  their  name  from  the  fact 
that  in  them  the  flame  and  gases  of  combustion  are  raade  to  pass 
through  a  great  number  of  small  tubcs  (surrounded  by  the  water) 
on  their  way  to  the  chiraney.'^'^  The  .steam-generating  power  of  a 
boiler  depends  greatly  on  the  extent  of  surface  which  it  presents 
to  the  ilanie,  and  it  is  obvious  that  a  great  number  of  small  tubes 
present  a  much  larger  surface  than  onc  large  tube  occupying  the 
space  of  them  all.  Thus,  with  the  same  licating  surface '•\  a  multi- 
tubular  boiler  will  occupy  much  less  space  than  a  piain  one,  and  at 
the  sarae  time  the  efficiency  of  its  surface  is  found  to  be  greater. 
It  is,  however,  necessarily  more  expensive  and  more  liable  to  get 
out  of  Order.  Tnhnlous  hoilcrs'-^  difFer  from  multitubular  boilers 
in  not  only  containing  tubes,  but  consisting  of  them,  and  having 
no  large  cylinders  whatever.  Their  chief  advantages  are  their  great 
strength  and  the  peculiarity,  that  if  any  accident  happens,  or  ex- 
plosion  occurs,  it  will  only  be  to  one  tube  at  a  time,  and  not  to  an 
immense  boiler  sliell '''',  and  its  evil  consequences  will  thus  be  greatly  re- 
duced.  For  this  reason  tubulous  boilers  are  often  called  "safctg'^  boilers. 
The  commonest  form  of  boiler  for  factories,  &c.,  is  that  known 
as  the  Cor)üsh.'''^  It  consists  simply  of  a  cylindrical  shell,  inclosiug 
a  much  smaller  cylindcr  called  a  flne.'-^  The  ends  of  the  flue  are 
open,   but  the  space  between   it  and    the  shell,    which  contains  the 

lö  Lokomotivkessel,  s.  Xr.  31.  ^^  Brennstoff;  consiimption  of  j'uel  Brennstoffverbrauch, 
dufij  Heizeffekt,  firiny  Feuerung,  fire-nian,  stoker  Heizer.  '8  erzeugen;  evaporative  power 
Verdampfungskraft.  19  yrate  Rost,  revolving  grate  Drehrost,  grate  with  Steps  Treppenrost, 
Jukes'  grate  Jukes'  Kettenrost,  grate-area  Rostfläche,  bars  and  Spaces  Stäbe  und  Fugen, 
asA-pi"/ Aschenfall.  2u  cylindrischer  Kessel.  Walzenkessel;  French  6oi7er  Siederkessel,  heater 
Siederohr,  -i  Rohrenkessel,  Lokomotivkessel:  tuhe  Röhre,  s.  Xr.  31.  '^-  chiinneij  Schorn- 
stein, draught  Zug,  damper  Register.  -3  Heizfläche.  **  vgl.  Xr.  29,  2  4.  -^  shell  Kessel- 
wandung, boiler-plate  Kesselblech,  riceting  das  Vernieten.  Joint  Stoss,  boiler-room  Kessel- 
raum, water-room  Wasserraum,  steam-room  Dampfraum,  clotfiing  Kesselbekleidung.  26  Cor- 
nijA  boiler  Cornwallkessel.     -'•  ßue  Feuerzng,  -kanal,  lateral  flue  Seitenzug. 

*  s.  Teil  I,  Xr.  22  "Kinds  of  Fuel"',    Xr.  23   "Determination  of  Heating  Power''. 
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water,  is  of  course  closed  up  and  made  steam-tight. -^  The  fire- 
f/rate^^  is  in  the  interior  of  the  flue,  and  at  the  end  of  it  is  a 
brick  bridffe^'^,  made  so  as  to  cause  the  flame  to  impinge  on  the 
Upper  side  of  the  flue.  The  boiler  is  set  in  brick-work ;  and  the 
flame,  passing  out  at  the  back  end  of  the  flue,  is  made  to  traverse 
the  whole  length  of  the  boiler  twice  through  brick  flues  betöre 
passing  away  to  the   chimney. 

The  Cornish  boiler  has  often  internal  flues  or  tubes,  which  is  a 
much  more  advantageous  construction.  The  Galloway  boiler  (called 
after  its  inventor)  is  a  very  excellent  modification  of  the  Cornish, 
which  in  outward  appearance  it  exactly  resembles.  It  has  two  fur- 
naces,  but  these  join  together  in  one  chamber  just  behind  the  bridges, 
and  the  gases  are  made  to  pass  through  a  space  considerably  nar- 
rowed  by  side  pockets  projecting  inwai'ds  in  order  that  they  may 
be  well  mixed.  From  this  point  to  the  back  of  the  boiler  there 
is  just  one  flue,  made  oval  in  section,  and  crossed  by  a  considerable 
number  of  vertical  taper  tubes,  which  form  a  dii-ect  communication 
between  the  water  beneath  and  that  above  the  flue.  These  tubes 
(called  -'Galloway  tubes")  both  promote  circulation  and  strengthen 
the  flue.  Miiltitubiilar  boilers  of  many  kinds  are  used,  both  for 
stationary  engines  ^'^  and  other  purposes,  but  the  largest  number  of 
those  constructed  are  certainly  for  steamcrs;  marine  boilers^^  are 
invariably  raultitubular. 

The  principal  test  of  the  efficiency  of  a  boiler  is  the  quantity 
of  water  (in  pounds  or  gallons)  which  it  will  evaporate  ^'^  with  the 
consumption  of  one  of  coal.  Of  course  this  varies  with  the  quality 
of  the  fuel,  but  with  good  pit  coal  3"*  (not  dross),  a  Cornish  boiler 
should  evaporate  6  to  8  pounds  of  water  per  Ib,  coal,  and  a  multi- 
tubular  boiler  about  10  or  11  Ib.  per  Ib.  coal.  The  best  rate  of  com- 
bustion  on  the  grate  varies  with  the  construction  of  the  boiler. 
from   10  to  18  or  20  Ib.  per  square  foot  of  grate  surf ace  "per  hour. 

Boilers  are  almost  invariably  made  of  wrought-iron  plates  riveted 
together.  The  parts  most  exposed  to  the  action  of  the  flame  are 
made  of  tlie  best  quality  of  iron,  and  the  other  parts  of  inferior 
qualities,  according  to  their  positiou  in  reference  to  the  flame. 
Occasionally  boilers  are  made  of  steel,  where  lightness  is  the  chief 
requisite.  Copper  is  often  used  in  the  fire  boxes  ^^  of  locomotives, 
but  seldom  in  any  other  description  of  boiler.  Brass  boiler  tubes 
are  often  seen,  and  on  account  of  its  better  conducting  qualities, 
brass  is  to  be  prefered  to  iron,  but  its  dearness  pi-events  its 
suj^erseding  iron  in  the  great  majority  of  cases. 

Every  boiler  has,  to  render  it  complete  and  workable,  a  number 
oi  fittings  or  monntinf/s^'",  of  which  the  following  are  the  principal: 

-8  dampfdicht.  29  (fire-)bridge  Feuerbrücke,  uater-bridge  Feuerbrücke  mit  Wasser- 
kühlung. 30  stationäre  oder  feststehende  Dampfmaschine,  s.  Nr.  30.  31  Schiffskessel. 
3- verdampfen.    33  Steinkohle,  s.  T.  I,  Nr.  22,    5.     34  Feuerbüchse,  s.  Nr,  31,    2.    35  G-amitur. 


28.      VAI.VKS.  85 

;i  fflass  gauffc'^'''  to  show  tlie  level  of  the  water  inside  the  boiler, 
aiid  gni((fC-(Oclis'-^^  for  the  saiue  purpose;  a  (fange'^^  to  sliow  the 
pressure  of  the  steam;  a  cock  für  admittiug  water;  a  cock  at  the 
hottom  for  emptying  or  ^^hloichuj  o//""'^;  a  valve  for  the  discharge 
of  the  steam;  one  or  two  safetij  valccs*^,  weighted  so  that,  when 
the  pressure  of  stoani  in  the  boiler  reaches  a  certain  height,  they 
open  and  alhnv  the  steam  to  rush  into  the  air;  a  door*'  l)y  which 
a  man  can  get  in  to  clean  the  boiler,  &c.  ^-' 

In  Order  to  induce  a  current  of  air  through  the  furnace  so  that 
a  proper  oombustion  may  be  maintained,  stationary  boilcrs  are 
generally  provided  with  a  chimncy'^'^  of  considerable  height,  and 
made  of  brick  or  sheet-iron,  to  which  the  products  of  combustion 
are  conducted  after  they  have  left  the  boiler.  In  locomotive  boilers, 
and  in  sonie  other  cases,  where  a  sufficiently  tall  chimney  cannot 
be  made  use  of,  a  very  powerful  current  is  made  by  the  ejection 
of  the  waste  steam  through  a  hlast-pipe*^^  with  a  contracted  nozzle 
at  the  base  of  the  chimney.  To  prevent  loss  of  heat  by  radiation, 
and  the  consequent  waste  of  fuel,  boilers  should  always  be  covered, 
in  all  parts  exposed  to  the  atmosphere,  with  feit  or  some  non- 
conducting  composition. 

Chambees's  Encyclopcedia. 
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A  VALVE  ^  is  a  lid,  cover,  leaf,  ball,  box,  disc,  plug,  or  plate, 
lifting,  oscillating,  rotating,  or  sliding  in  connection  with  a  port  or 
aperture,  so  as  to  permit  or  prevent  the  passage  of  a  fluid  through 
the  port  which  it  guards. 

Yalves  are  of  several  classes. 

1.  Botary;  such  as  cocls,  faucets,  throiile-valves.'^ 

2.  Lifting;  raised  clear  of  the  seat  by  power  beneath;  such  as 
J>(.dl,  conical,  cup^  safety,  p)0PP'^i-  ^ 


3ö  WasserstauUsgl.is.  37  "Wasserstandshahn,  Probirliahn.  38  steam-gauge  Dampfdruck- 
messer, Manometer  Manometer,  open-  (coinpressed-)  air  manometer  offenes  (geschlossenes) 
Luftmanometer,  metallic  manometer  Metallmanometer.  39  ^low-off  cock  Ausblashahn,  mud- 
liole  Schlammloch.  *"  lever  sa/etij-valee  Sicherheitsventil  mit  Hebelbelastung,  to  veight  be- 
lasten, spring  balance  Federwage,  /usible  plug  schmelzbarer  Pfropfen,  sa/etij-whislte  Alarm- 
pfeife, ßoat  Schwimmer,  ■u  man-liole  Mannloch.  *2  feeding-apparatus  Speiseapparat,  feed- 
pump  Speisepumpe,  feed-water  Speisewasser,  feed-water  healer  Vorwärmer,  donkeij  engine 
Hilfsmaschine.     *^  Blasrohr. 

1  Ventil.  '-  cock  Hahn,  j'aucet  Bierhahn;  tlirottle-valve  Drosselklappe.  3  ball-talre 
Kugelventil,  conical  valre  Kegelventil,  clack  calve  Klappenventil,  hinge  Scharnier,  cup  ralvc 
Glockeuventil,  sa/ety  calce  Sicherheitsventil. 

*  S.   Technical   Vocabiilarg,   S.  154— lö6. 
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3.  Hingecl;    such  as  clacJc,  hiitterfly. 

4.  Sliding;    such  as  the  slide'^,  D. 

5.  Spring'^;  such  as  some  forms  of  safety-valves. 

6.  Inverted  cu;p ;  such  as  quiclsilver-valcc,  air-trap.  &c.    Cornish. 

7.  /f^e//;    such  as  those  of  the  organ,  flute,  &c. 

Other  names  are  derived  from  peculiar  shape,  application,  mode 
of  actuation,  function,  &c. 

Slide-valve.^ — The  long-sUde^,  of  large  condensing  engines ',  is 
a  slide-valve  of  such  length  as  to  govern  the  ports  ^  at  the  ends 
of  the  cylinder,  and  thereby  bring  them  altemately  in  connection 
with  the  middle  or  bridge  part  at  which  the  steam  is  inducted, 
and  with  the  open  part  of  the  valve-chamber,  which  has  a  con- 
nection, through  the  hollow  back  of  the  valve,  with  the  eduction 
passage  to  the  condenser.  The  long  slide  was  invented  by  Murdoch, 
of  the  firm  of  Boulton  and  Watt.  The  slide-valve  is  placed  in  the 
ateam  ehest  ^  to  work  over  the  steam-2yorts  ^  by  which  live  steam 
from  the  boiler  is  admitted  to  the  cylinder,  and  exhaust  steam  from 
the  latter  is  allowed  to  pass  to  the  condenser  or  to  atmosphere,  as 
the  case  may  be.  It  has  a  flat /ace^^,  which  works  steam-tight  ^'■' 
on  the  valve-seat.^^  The  vah'e-rod^^  is  secured  by  a  collar  and 
nut  to  the  valve,  and  passed  through  a  stiifßng-hox^^  in  the  cap 
of  the  steam-chest. 

The  halanced  slide-valve  ^^,  so  called,  is  one  in  which  the  steam 
pressure  which  keeps  the  valve  on  its  seat  is  partially  relieved  by 
an  upward  pressure  of  steam  on  the  under  side,  or  by  a  plate, 
which  prevents  access  of  steam  to  the  larger  portion  of  the  upper 
area   of  the  valve. 

The  Icud^-'  is  the  width  of  opening  of  the  steam-port  when 
the  piston  is  at  the  end  of  its  stroke.  ^^  It  may  be  effected  by 
turning  the  eccentric^'^  on  the  axle  a  little  in  front  of  the  crank. 
The  lap'^^  is  inside  or  outside.  The  former  is  the  difference  between 
the  width  of  the  shell  part  of  the  valve  and  the  distance  between 
the  inside  edges  of  the  adjacent  ports.  The  outside  Jap  is  the  ex- 
cessive  breadth  of  the  valve  over  the  width  over  all  the  i^orts.  The 
tracel  ^^  is  the  length  of  stroke  of  the  valve.  The  setting  is  the 
arrangement  of  the  eccentric  to  give  the  requisite  lead. 


*  slide-valve  Schieberventil,  D-valve  D-Schieber,  ;iridiron-volte  Eostschieber.  5  sprinri 
halance  Federwage.  6  laiiger  D-Schieber.  '  Condensationsmaschiue,  condenser  Condeusator. 
^  vaUe-c/iaiuOer  Ventilgehäuse,  valve-cliest ,  sieatu-cliest  Schieberkasten.  9  Damiifkanal, 
Dami)tweg;  exhaust-port  Dampfaustrittsöffnung,  outlet  Auslass,  inlet  Einlass,  to  admil  (to 
tlisc/iaryej  steam  Dampf  zulassen  (auslassen),  indtiction  (eduction)  talce  Einlass-  (Auslass-) 
Ventil.  10  dampfdicht,  n  valve-siat  Schieberspiegel,  valve-face  Schieberfläche,  i-  Schieber- 
stange. 33  Stopfbüchse,  i*  Entlastungsschieber;  balanced  valve  =  equiUbrium  valve.  ^^  lead 
Voreilen,  the  valve  has  lead  der  Schießer  eilt  vor,  angle  of  lead  Voreilungswinkel.  i"  stroke 
Hub,  up-stroke  Aufgang  des  Kolbens,  down-stroke  Niedergang,  forward  (backward)  stroke 
Hub  vorwärts  (rückwärts),  coiiiplele  stroke,  revolution  Doppelhub,  length  of  stroke  Hublänge, 
at  the  end  of  its  stroke  am  Hubende,  counter  Hubzähler.  l~  s.  Nr.  7,  211,  {/ab  Gabel,  pin 
Zapfen,  balance-weight  Gegengewicht,  circidar  eccentric  Kreisexcentrik,  triangulär  eccentric 
trianguläres  Excentrik,  heart-cam,  heart-shaped  eccentric  herzförmiges  Exceutrik.  is  inside 
(outside)  lap  innere  (äussere)  Ueberdeckung.     19  Schieberweg. 
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A  cut-off  calcc-^  is  a  valve  arraiigud  tu  close  the  iiiduction- 
parts  of  a  steam-cylimler  at  aiiy  girun  period  betöre  the  close  of 
the  stroke  of  tht-  j)iston,  in  order  that  the  steain  inay  be  used  ex- 
pansivcly  in   the   interval. 

KxiflHT. 
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Safety  ur  freedoiu  iVum  liability  to  explode  ^  is  the  tirst  con- 
dition  to  be  sought  in  using  a  steam  boiler.  That  this  condition  is 
i'ar  from  being  iiniversally  attained,  is  but  too  well  proved  by  the 
Irequent  occurrence  of  disastrous  explosions. 

It  was  fornierly  the  rule  which,  unfortunately,  still  to  some  ex- 
teiit  prevails,  to  attribute  explosions  to  occult  causes.  Such  phe- 
nomena  '^  as  electricity,  generation  of  explosive  gases  witliiu  the 
boiler  from  the  deconiposition  of  steam,  the  instautaueous  Üashing 
of  a  large  body  of  water  into  steam,  accounted  for  by  the  sphe- 
roidal  ^  theory  or  from  the  superheating  ^  of  water  purged  of  air, 
great  deterioration  in  the  quality  of  the  plate  ^  from  chemical 
changes,  and  mysterious  ovei'heating  and  superheating  have  been 
from  time  to  time  urged  as  causes  of  boiler  explosions,  and  usuallj* 
with  a  confidence  and  persistence  in  the  inverse  proportion  ^  to  the 
fitness  which  would  qualify  their  propounders  to  speak  of  them. 
Unwillingness  to  know  the  true  cause  of  an  explosion  on  the  part 
of  those  iuterested,  as  well  as  inability  of  others  to  scrutinise  the 
facts  of  the  case,  have,  no  doubt,  been  the  means  of  perpetuating 
mach  of  the  speculative  nonsense  that  has  been  promulgated  on 
this  subject. 

In  this  couutry  it  has  been  mainly  through  the  researches  and 
efforts  of  Sir  \V.  Fairbairn,  the  engineer  of  the  Manchester  Steam 
Users'  Association,  and  moi*e  recently  the  engineers  of  the  Boiler 
Insurance  Companies,  that  explosions  have  been  stripped  of  the 
niystery  in  which  they  were  shrouded,  and  have  been  ascribed  to 
their  true  cause.  As  a  rule,  steam  boilers  explode  from  oue  cause 
alone — ovex-pressure  ^  of  steam.  The  term  overpressure  is  here  used 
not  relatively  to  the  working  or  blowing-off  pressure,  but  to  the 
strength  of  the  boiler.  It  often  happens  that  boilers  are  too  weak 
for  the  pressure  they  are  worked  at,  and  no  accumulation  of  pressure 

-"  Expausionaschieber;  expamion  ycar,  c«No/ Expansionssteuerung,  to  cut  off  steam 
Dampf  absperren,  to  act  expansively  mit  Expansion  wirken,  initial  (ßnal,  mean)  pressure 
Anfangs-  (Eud-,  mittlerer)  Druck,   at  fuU  pressure  mit  Volldruck. 

1  Boiler  explosion  Kesselexplosiou,  to  explode  exi)lodiren.  2  8.  Teil  I,  Nr.  1,  2.  3  sp/ie- 
roitlal  State  Sphäroidalzustand.  *  L'eberhitzen.  5  boiler  plate  Kesselblech.  6  in  umge- 
kehrtem Verhältniss.     "  Ueberdruck. 
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is  requisite  to  bring  about  their  destruction.  Tlie  circumstance 
of  a  boiler  being  unfit  to  bear  its  working  pressure  may  be  due — 
1.  to  its  original  design  and  power  of  resistance  not  being  under- 
stood  by  those  who  fix  the  pressure  it  works  at,  a  common  occur- 
rence,  arising  from  ignorance;  2.  to  the  strength,  althougb  originally 
sufficient  to  bear  tbe  working  pressure,  baving  been  gradually  re- 
duced  by  wear  and  tear  ^,  in  which  case  the  error  is  due  to  negli- 
gence;  3.  to  the  strength  of  the  structure  becoming  suddenly  over- 
taxed  and  diminished,  as  by  sudden  unequal  contraction,  caused  by 
unforeseen  circumstances  or  neglect,  when  its  escaping  detection 
until  too  late  may  be  due  to  negligence,  or,  perhaps,  in  extremely 
rare  cases,  to  those  nondescript  causes  that  swell  the  chapter  of 
accidents,  from  which  the  carrying  on  of  human  affairs  appears  to 
be  inseparable;  4,  to  defects  in  workmanship  or  material,  whose 
presence,  in  the  great  majority  of  cases,  can  be  detected  by  proper 
inspection  and  testing  ^,  but  which  may  happen  in  rare  cases  to 
escape  the  dosest  scrutiny,  and  must  be  placed  in  the  list  of  humi- 
liating  circumstances  which  remind  us  of  our  fallibility. 

If  we  examine  these  heads  more  closely,  we  shall  find  —  1.  that 
ignorance  of  the  i^rinciples  of  construction  is  exhibited  in  allowing 
large  flat  surfaces  to  exist  without  staying  ^^,  or  in  wrongly  applying 
intended  means  to  strengthen  them.  Cases  are  met  with  of  Cornish 
and  Lancashire  boilers^^  converted  into  piain  flat-ended  cylindrical 
boilers  ^^,  where  the  neglect  to  provide  for  the  loss  of  strength  due 
to  the  removal  of  the  trough  tubes  can  only  end  in  disaster.  In 
some  descriptions  of  internally  fired  ^^  and  furnace  boilers,  the  flue 
tubes,  instead  of  passing  from  end  to  end  are  taken  through  the 
shell  ^*  side,  or  are  made  of  a  horseshoe  shape.  Their  efiiciency  as 
longitudinal  stays  is  thus  done  away  with,  and  when  no  other  stays 
or  means  of  imparting  strength  are  substituted — by  no  means  a  rare 
occurrence — explosion  is  likely  to  follow. 

The  following  are  examples  of  ignorance  of  design  that  have 
led  to  ex2:)losion: — Application  of  inefficient  diagonal  stay  bars;  stäy 
bars  attached  diagonally  to  fui'nace  tubes;  longitudinal  stay  bars 
rendered  useless  by  being  beut,  or  arranged  without  strutting  to 
clear  floats,  feed  pipes^^,  <S:c.;  girder  stays  of  flat-topped  fireboxes  ^^ 
and  combustion  Chambers  cut  away  in  the  middle  to  clear  steam 
pipes,  &c.;  absence  of  stay  bolts  ^'^  in  flat  fireboxes  where  needed, 
or  stays  not  made  sufficiently  strong;  attempting  to  strengthen  flat 
end-plates  by  stiffening  instead  of  staying;  absence  of  encircling 
strengthening  rings  or  hoops^^    round   large  tubes;    removing  these 

«Abnutzung.  &  boiler  inspecIlonKesselrevision,  testing  ofboilersKesse\x>Tohe.  iUs.Xr.31,  t,. 
11  In  consequence  of  the  weakness  of  the  large  diameter  of  the  Single  internal  Hue  (of 
the  "Cornish""  boiler),  when  a  large  grate  area  was  required,  two  flue  tubes  instead  of  one 
were  adopted,  which  gives  us  the  "Lancashire"  boiler.  12  mit  innerer  Feuerung,  is  s. 
Nr.  27.  14  Kesselwandung,  Mantel.  15  Speiserohr.  16  Feuerbüchse,  s.  Nr.  31.  i'  hoop 
Ring,  Keif,  Band,   angle  iron  hoop  Verstärkungsrippe  von  Winkeleisen,  hoopi  Bandeisen. 
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hoops  for  fear  ol'  leading  to  overheating;  Imops  applied  in  luilves 
without  haviug  tlieir  ends  attaclu'd  to  comjjlete  tlic  circle;  angle 
iron  lioops  partially  cut  away  to  clear  obstructions;  hoops  ap})lied 
to  elliptical  tubes,  as  though  tlieir  efficiency  were  equal  to  siinilar 
hoops  round  circular  tubes;  opplication  of  too  numerous  carrying 
brackets^^  to  tlie  sides  of  externally  tired  ^''  boilers,  so  as  to  inter- 
fere  with  the  freedoni  to  expand  and  contract;  cutting  away  the 
shell-plates  for  manholes  "-'^,  donies-'^,  or  otlier  mountings  ^-,  without 
adequate  provision  for  the  loss  of  strength  involved;  rigidly  attaching 
boilers  to  seats  or  frames'^^,  as  in  locomotives;  omitting  to  stay 
oval  or  large  circular  combustion  Chambers  to  shell  sides;  omitting 
to  provide  large  weak  boiler  shells  with  valves  opening  inwardly; 
omitting  to  allow  for  spring  in  the  end  plates  for  the  expansion  of 
the  trough  tubes  in  long  vertical  boilers;  omitting  to  pi-ovide 
against  coUapse  of  the  closed  crowns  of  the  flue  tubes  in  some 
kinds  of  vertical  furnace  boilers;  omitting  to  tie  or  stay  the  weak 
Hat  bottoms  or  tops,  as  the  case  may  be,  of  vertical  furnace  boilers; 
omitting  to  tie  the  sides  of  some  descriptions  of  dry  bottom  fur- 
nace and  Butterly  boilers.  '^* 

2.  The  defects  that  arise  gradually  from  wear  and  tear,  such 
as  wasting  by  corrosion  and  grooving,  and  which  are  likely  to 
seriously  impair  the  strength  of  the  boiler,  liave  already  been 
discussed.* 

3.  The  strength  of  the  structure,  originally  sufficient  for  the 
pi'essure,  can  only  become  suddenly  reduced  to  a  dangerous  degree 
by  üverheating,  or  overstraining  through  too  sudden  cooling  or  ex- 
cessive  expansion  of  flue  tubes.  Overheating  may  be  caused  by 
shortness  of  water;  by  accumulation  of  deposit'^^  or  foreign  matter 
on  the  furnace  or  flue  plates  and  tubes;  by  defective  circulation; 
by  the  metal  being  too  thick  near  the  fire,  or  by  the  heat  being 
very  intense  and  concentrated,  wlien  even  thin  plates  with  mo- 
derately  pure  water  are  liable  to   deteriorate;    by  the   accumulation 

**<  Stütze,  19  mit  Aussenfeuerung.  2o  Mannloch.  2i  Dampfdom.  2-i  s.  Xr.  27,  35. 
'-3  Kahmen,  Gestell.  24  xhe  "Butterly''  boiler,  with  circular,  or  elliptical,  internal  flue. 
The  concave  arch  at  the  front  end,  which  was  introduced  to  obtain  a  larger  furnace,  ia 
of  very  weak  shape,  and  renders  this  lioiler  uusuitable  for  high  pressures.  "Tubulous" 
boilers  are,  for  the  most  part,  modifications  of  the  tyi>e  first  introduced  by  Woolf,  con- 
sisting  of  numt-rouä  pipes,  in  which  the  steam  is  geuerated,  communicating  with  a  receiver 
above,  in  which  it  accumulates.     2.'.  deposit,  incrustalion,  scale  Kesselstein. 

*  l'orrosion,  internal  or  external ,  but  mure  especially  the  latter,  is  the  nialady  that 
most  boilers  are  liable  to  suffer  from.  Internal  corrosion  preseuts  itself  in  various  forms, 
each  having  a  character  of  its  own,  but  only  sometimes  strongly  marked.  These  are 
usually  designated  as  —  1.  uniform  corrosion  or  wasting;  2.  pitting  or  honeycorabing;  and 
:{.  grooving,  channelling,  or  furrowing.  The  tirst  mentioned  is  the  effect  of  the  chemical 
action  of  the  feed  water  or  substances  introduced  into  the  boiler;  the  second  is  also  dne 
to  chemical  agents,  assisted,  as  held  by  many,  by  galvanic  action;  the  tliird  is  due  to 
chemical  and  mechanical  action  combined.  External  corrosion  is  a  more  frequent  and 
more  subtle  destructive  agent  with  stationary  boilers  than  any  kind  of  internal  corrosion. 
The  most  frequent  sources  of  external  corrosion  are  exposure  to  the  weather,  leakage 
from  joints  of  plates,  and  tittings,  dripping  from  mountings,  moisture  rising  from  the 
ground  near  the  boiler,  either  from  the  damp  nature  of  the  ground  or  from  the  want  of 
waste  pipes  to  carry  off  the  water  from  the  blow-off  tap,  water  gauges,  Ac,  and  from 
the  careless  practice  of  damping  the  ashes  dose  to  the  boiler. 
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of  air  and  steam  in  the  uppei'  parts  of  the  tubes  or  cells  of 
"tubulous"  2*  and  "unit"  boilers,  from  which  it  cannot  escape,  in 
which  case  the  design  of  the  boiler  is  at  fault. 

Shortness  of  w-ater  may  be  due  to  leakage^*^  of  joints^^,  valves^^, 
or  mountings  below  the  watei*  line^^,  or  by  taps  or  valves  being 
carelessly  left  open.  It  raay  also  be  due  to  excessive  priming^*^, 
or,  in  vertical  boilers  containing  little  water,  to  a  sudden  and  ex- 
cessive demand  for  steam.  It  is  sometimes  caused  by  failure  in  the 
f eed  ^  ^  supply,  either  through  sheer  neglect  to  turn  on  the  f eed  in 
sufficient  quantity,  or  through  some  accidental  or  wilful  stoppage, 
breakage,  or  detachment  of  pipe.  The  back  pressure  ^^  valve  sticking 
or  becoming  inoperative,  or  absence  of  any  back  pressure  feed 
valve,  when  the  water  may  be  forced  back  through  the  feed  appa- 
ratus,  or  syphoned  out  from  one  boiler  into  another,  has  often  led 
to  shortness  of  water.  It  may  also  be  indirectly  due  to  water 
gauges^^,  Üoats  ^^,  ttc.,  being  allowed  to  get  into  such  bad  con- 
dition  as  to  be  unreliable,  and  lead  to  a  false  reading  of  the 
water  level.  ^^ 

Accumulation  of  deposit  is  usually  produced  by  bad  feed  water. 
It  may  take  the  form  of  solid  hard  incrustation,  or  of  a  thick 
adhesive  paste,  lying  only  in  certain  parts. 

Defective  circulation  may  be  due  to  the  design  of  the  boiler, 
from  its  having  too  cramped  water  Spaces,  which  defect  becomes 
aggravated  hy  accumulation  of  incrustation;  from  water  tubes  being 
placed  horizontally  or  with  insufficient  inclination;  from  the  con- 
vection^*"  being  impeded  by  overcrowding  of  tubes,  or  placing  them 
too  close  over  furnace  crowns,  and  from  having  too  large  a  body 
of  dead  water  lying  below  the  heating  surface.  ^''^ 

Too  great  a  thickness  may  be  due  to  the  use  of  excessively 
thick  plates ;  to  making  the  amount  of  lap-*^  excessive;  to  bad 
arrangement  of  furnace  strengthening  hoops,  to  careless  patching^^, 
and  to  the  iujudicious  application  of  stays  and  top  hamper  on  flat 
firebox  and   combustion  chamber  crowns. 

The  heat  may  be  too  intense  and  concentrated,  like  a  blowpipe  ■*'^ 
flame,  as  with  some  arrangements  of  furnace  boilers,  where  the  fur- 
nace throat  is  sliort,  and  the  hot  gases  are  delivered  right  on  to  a 
plate  of  the  shell  or  tube,  which  maj''  be  thereby  gradually  distressed 

2ß  Lecken,  Kinneu.  -'  Stoss,  Fuge,  Gelenk.  28  Ventil,  s.  Xr.  2S.  29  Wasserlinie. 
3*^  das  Preimeu,  Spucken,  Sprudeln,  Arbeiten  mit  Wasser.  -Ji  s.  Xr.  27,  42.  3-2  Gegendruck. 
33  "Wasserstaudszeiger.  34  Schwimmer,  s.  Xr.  11,  s.  35  Wasserstand.  36  Heat  is  trans- 
ferred from  one  portion  of  matter  to  another  in  three  difi'erent  ways,  which  are  ternied 
conduction,  convection,  and  radiation.  Convection  is  the  conveying  or  carrying  of  heat 
by  particles  of  matter  raised  in  temperature,  and  set  in  motion.  When  a  columu  of 
liquid  is  heated  at  tlie  bottom,  ascending  and  descendiug  currents  are  produced,  and  it  is 
by  means  of  these  that  heat  is  mainly  distributed  through  the  liquid,  and  not  by  its  con- 
ductivity.  These  currents  arise  from  the  expansion  of  the  inferior  layers,  which.  be- 
coming less  deuse,  rise  in  the  liquid,  and  are  replaced  by  colder  and  denser  layers. 
Atkissos.— Conduction  Leitung,    convection  Strömung,    radiation  Strahlung.     37  Heizfläche. 

38  lapjoint  Stoss  durch  Uebereinaudergreifen,  butt-joint  stumpfer  Stoss,  s.  auch  Nr.  2S,  lf^. 

39  Flicken,     -lu  Lötrohr. 
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and  weakenod,  or  rapidly  biinit  by  tlic  lieiit  diiving  tlie  water  oH' 
the  Burtiice,  The  up])er  portions  of  ln^ri/ontal  or  inclined  water 
tubes  beiiiy-  iilhd  with  steam,  are  lialile  to  become  overlieated  and 
destruyed,  eitlier  slowly  or  rapidly,  accordinir  to  the  intensity  of 
the  heat  they  are  exposed  to. 

The  poi'tions  of  tiue  tubes  passing  through  the  steam  spiice  of 
vertical  boilers,  both  large  and  snrnll,  especially  when  the  area  of 
firegratc^'  Is  hirge  in  proportion  tu  the  heating  surface,  are  liable 
to  overheating  and  eoUapse.  This  renders  tlie  working  of  small 
vertical  intenially  fired  boilers  with  ehininey  llues  unsafe  when  an 
unusual  demand  for  steam  arises,  since  the  forcing  of  the  fires  is 
liable  to  raise  the  temperature  of  the  flue  plates  to  a  dangerou.s 
degree.  Small  boilers  of  this  class  are  alniost  invariably  employed 
where  weight  and  space  are  limited,  but  they  should  only  be  used 
for  easy  and  regulär  work. 

4.  Defects  of  workmanship  and  material  are  most  liable  to 
escape  detection  in  small  vertical  boilers  and  in  multitubular  boilers  ■*- 
of  the  locomotive  and  other  types  where  the  inside  cannot  be 
examined  unless  the  tubes  are  removed  or  the  boilers  are  partially 
taken  to  pieces.  The  defects  in  workmanship  usually  found  are 
carelessly  punched'*-*  and  fractured  rivet**  holes,  burnt  or  broken 
rivets,  plates  damaged  by  burning,  or  fracture  in  flanging^^,  dishing, 
bending ^'',  welding*'',  hammering,  and  punching,  in  the  boiler  yard 
or  during  repairs;  defective  welding  of  plates  and  stays,  fractures 
in  the  ends  of  brass  and  small  iron  tubes,  and  carelessly-secured 
stays.  Old  plates  are  frequently  seriously  damaged  by  patching 
them  with  new  plates,  in  the  process  of  reraoving  the  rivets,  in 
putting  on  the  new  patch,  and  also  by  the  greater  expausion  and 
contraction  of  the  new  platc,  when  the  boiler  is  at  woi'k,  especially 
when  it  is  over  the  fire. 

Defects  of  materials,  such  as  blisters,  lamination,  and  those 
arising  out  of  the  insufficiency  in  size  of  the  slab"*"*  from  which 
the  plate  is  cut  and  adhesion  of  sand  or  cinder  in  rolling^"*  can 
sometimes,  but  not  always,  be  detected  by  inspection.  Brittleness 
of  material,  unless  it  be  glaringly  bad,  can  seldom  be  discovered 
by  ordinary  inspection  after  the  construction  of  the  boiler  is 
completed. 

Boilers  of  the  füll  calculated  strength  are  often  exploded  by 
an  accumulation  of  steam  pressure  beyond  that  assigned  to  them. 
The  overpressure  may  be  due  to  the  total  absence,  or  inadequate 
size  or  lift,  of  safety  valves^^  or  self-acting  means  of  escape  for 
the  steam  or  to  the  communication  between  the  safety  valve  and 
boiler    being    shut    oflF    by    some   valve    or   other    means.      Such    an 

*i  s.  Xr.  27,  19.  •»2  s.  jS'r.  27.  21.  *^  piincli  Punze,  Durchschlag,  to  punch  durchschla- 
gen, durchlocheu.  ^*  Niete.  -»J  rian^f  Flantsche.  *''  bending  machine  Biepremaschine. 
*^  Schweisseii.     •♦8  slab  Luppe,  Deul,    roUing  Walzen  &c.,  s.  Xr.  2.     *^  s.  Xr.  27,  -ii. 
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accideut  may  occur  wlien  tlie  safety  valve  is  injudiciously  placed 
on  the  steam  pipe,  beyond  the  steam  sliut-off  valve.  Overpressure 
may  arise  from  tlie  safety  valve  being  recklessly  overweighted,  by 
increasing  the  length  of  the  lever,  or  the  amount  of  the  weight  on 
the  lever  in  valves  of  this  construction.  It  may  be  caused  by 
screwing  down,  tying  or  wedging  fast  the  lever  or  dead  weight;  by 
the  sticking  fast  of  the  lever,  valve,  or  spindles  in  connection,  and 
by  the  escape  pipe,  when  there  is  one,  becoming  plugged  up  by 
the  water  freezing  or  other  accident.  In  order  to  lessen  the  risk 
of  overpressure  from  the  safety  valve  becoming  inoperative,  every 
boiler  should  be  provided  with  two  safety  valves,  one  of  them  at 
least  being  of  the   external  dead-weight  type,  for  stationary  boilers, 

Robert  Wilson '^"^   A  Treatise  on  Steam  Boilers. 


30.  THE  STATIONARY  STEAM-ENGINE  OF  TO-DAY.* 

"Stationaky  Engines"  had  been  applied  to  the  Operation  of 
mill  machinery  by  Watt  and  by  Murdoch,  bis  assistant  and  pupil; 
and  Watt's  competitors,  in  Great  Britain  and  abroad,  had  made 
considerable  progress  before  the  death  of  the  great  engineer,  in  its 
adaptation  to  its  work.  In  the  United  States,  Oliver  Evans  had 
introduced  the  non-condensing  high-pressure  stationary  engine  ^,  which 
was   the    progenitor    of  the   Standard    engine  of  that    type  which  is 

50  A.I.C.E.;  late  Inspector  for  the  Manchester  Steam  üser's  Association  for  the 
Prevention  of  Steam  Boiler  Explosions  and  for  the  Attaiument  of  Economy  in  the  Appli- 
cation of  Steam. 

1  Stationary  (portable)  engine  stationäre  oder  feststehende  (transportable)  Maschine, 
(non-)  condensing  engine  Maschine  mit  (ohne)  Condeusation,  ftig/i-pressure  en^i/ie-Hochdruck- 
maschine,  low  (midcile)  pressure  Nieder-  (Mittel-)  Druck. 

*  A  machine  (from  Lat.  machina,  machine,  engine,  device,  trick,  Gr.  |AT|"/avi^,  from  \>-jiyo<; 
means,  expedient),  in  general,  is  anj'  body  or  assemblage  of  bodies  used  to  transmit  or 
modify  force  and  motion,  as  a  lever,  pulley,  wedge,  screw,  /ic,  especially.  a  construction, 
more  or  less  complex,  cousisting  of  a  combination  of  moving  parts,  or  simple  mecha- 
nical  elemeuts,  as  wheels,  levers,  &c.,  with  their  supports  and  connecting  framework,  cal- 
culated  to  receive  force  and  motion  from  a  prime-mover  or  from  another  machine,  and 
transmit,  modify,  and  apply  them  to  the  prodnction  of  some  desired  mechanical  effect  or 
works,  as  ■wea^  ing  by  a  loom,  or  the  excitatiou  of  electricity  by  an  electrical  machine. 
The  term  machine  is  most  commonly  applied  to  such  pieces  of  mechanism  as  are  used  in 
the  industrial  arts,  for  mechanically  shaping.  dressing,  and  corabining  materials  for  various 
purposes,  as  in  the  manufacture  of  cioth,  «tc.  Where  the  effect  is  chemical.  or  other  than 
mechanical,  the  contrivance  is  usually  deuomiuated  an  apparatits  (from  lat.  apparatut, 
from  apparare,  to  ijrepare,  from  ad  and  parars,  to  make  ready);  as  a  bleaching  apparatus. 
The  term  engine  (Fr.  engin.  from  Lat.  Ingenium,  natural  capacity,  invention)  is  more  com- 
monly applied  to  massive  niachines,  or  to  those  of  great  power,  or  which  produce  some 
difficiilt  result.  It  takes,  in  composition,  other  words,  designatiug  either  the  source  of 
power,  as  steam  engine,  air  engine,  caloric  engine,  electro-iuagnetic  engine;  or  the  purpose  to 
which  it  is  applied,  a,i  ßre  engine,  pumping  engine,  locomotive  engine,  calculating  engine ;  ot 
some  peculiarity  of  construction,  Operation,  or  use,  as  single-acting  or  double-aciing  engine, 
high-pressure  or  tow-pressure  engine.  Webster. — Engine,  a  machine  which  acts  automatically, 
both  as  power  and  Operation;  distinct  from  a  machine  in  its  ordinary  acceptation,  whose 
motor  is  distinct  from  the  Operator,  and  a  tool ,  which  is  propelled  and  operated  by  one 
person.     KsiGHT.  —  S.   Technical   Vocabularij,    eh.  52   "Steam-engine"   (S.  147—15$). 
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now  used  für  more  gcnorally  tlian  any  other  form.  These  engines 
wore  at  Hrst  rüde  in  desigii,  badly  proportioned,  rougli  and  inaecu- 
rate  as  to  worknianship,  and  uneconomical  in  tlieir  consuniption  of 
fuel.^  Gradually,  however,  whcn  made  by  reputable  bnilders,  they 
assumed  neat  and  strong  sliapes,  good  pruportions,  and  were  well 
inade  and  of  excellent  materials,  doing  tbeir  werk  with  conipara- 
tively  little  waste  of  heat  or  of  fuel. 

Wlifre  mach  power  is  required,  tlie  stationary  engine  is  usually 
an  liorizontal  direct-acting  engine  ■',  having  a  niore  or  less  effective 
cut-off  valve-gear*,  according  to  the  size  of  engine  and  the  cost 
of  fuel.  A  good  exaniple  of  the  simpler  form  of  this  kind  of 
engine  is  the  small  horizontal  slide-valve  engine,  with  independent 
cut-off  valve  riding  on  the  back  of  the  main  valve — a  combination 
generally  known  aniong  engineei's  as  the  Meyer  system  of  valve- 
gear.  This  form  of  steam-engine  is  a  very  effective  machine,  and 
does  excellent  work  when  properly  proportioned  to  yield  the  re- 
quired amount  of  power.  It  is  well  adapted  to  an  expansion  of 
from  four  to  five  times.  Its  disadvantages  are  the  difficulty  which 
it  presents  in  the  attachment  of  the  regulator  ^,  to  determine  the 
point  of  cut-off  by  the  heavy  work  which  it  throws  upon  the 
governor ''  when  attached,  and  the  rather  inflexible  character  of  the 
device  as  an  expansive  valve-gear.'*  The  best  examples  of  this 
class  of  engine  have  neat  heavy  bed-plates  ^,  well-designed  cylinders 
and  details,  sraooth-working  valve-gear,  the  expansion-valve  adjusted 
by  a  right  and  left  band  screw,  and  regulation  secured  by  the 
attachment  of  the  govei'nor  to  the  throttle-valve.  ^ 

The  engine  shown  in  the  accompanying  illustration  (Fig.  9)  is 
an  example  of  an  excellent  British  stationary  steam-engine.  It  is 
simple,  strong,  and  efficient.  The  frame  ^,  front  cylinder-head  ^'^, 
cross-head  guides^',  and  crankshaft  "plumber-block"  ^-,  are  cast  in 
one  piece,  as  has  so  generally  been  done  in  the  United  States  for 
a  long  time  by  some  of  our  manufacturers.  The  cylinder  is  secured 
against  the  end  of  the  bed-plate,  as  was  first  done  by  Corliss. 
The  crank-pin^3  is  set  in  a  counterbalanced  disk.  **  The  valve-gear 
is  simple,  and  the  governor  effective,  and  provided  with  a  safety- 
device  to  prevent  injury  by  the  breaking  of  the  governor-belt.  ^^ 
An  engine  of  this  kind  of  10  inches  diameter  of  cylinder,  20  iuches 
.•-tioke  of  piston^'',  is  rated  by  the  builders  at  about  25  horse- 
power*';  a  similar  engine  30  inches  in  diameter  of  cylinder  would 

2  Brennstoffverbrauch.  3  direct-acting  directwirkend,  Single-  (double-)  acting  einfacli- 
(doppelt-)  -wirkend,  horizontal  horizontal  oder  liegend,  vertical  vertikal  oder  stehend. 
*  £xpansionssteuerang,  a.  Xr.  28,  au;  ('non-jfa7)ansireen7i"e^Iaschine  mit  (ohne)  Condensation. 
5  ßegulator.  6  pendulum  governor  Centrifugal-  (oder  Schwungkugel-)  Regulator,  self-acting 
selbsttätig,  centrifugal  ball»  Schwungkugeln,  ball  rods  Pendelarnie,  slide  Hülse,  Gleitstück, 
connecting  rods  Träger.  '  Fundamentiilatto,  Grundplatte.  8  Drosselklappe.  6  Gestell, 
Rahmen,  lo  vorderer  Cyliuderdeckel.  n  Kreuzkopiführung;  cross-head  Kteuzkopf;  guides 
Geradführung,  connecting-rod  Pleuelstange.  12  Kurbellager;  shaft  Welle,  crank  Kurbel, 
plumber-bloch  Zapfenlager.  13  Kurbelzapfen,  i*  ausbalancirte  Scheibe.  ^5  (,eu  Riemen, 
s.  Nr.  7.     16  Kolbenhub,  3.  Nr.  28,  16.     i?  Pferdestärke. 
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yield  from  225   to  250  horse-power.     In  this  example,  all  parts  are 
made  to  exact  size  by  gauges  standardized  to  "Whitwortli's  sizes. 
In  American  eugines  usually,   two  Supports  are  placed — tlie  ,one 
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linder  tlic  lattcr  bearini^s  iiiul  tlie  otliur  uiidiT  tlie  cyliiuler — to  takc 
the  weiglit  ut'  tho  engiiie;  iiiul  tliroiigli  tliem  it  is  secured  tu  tho 
t'oundfttion. '''  As  in  tlie  vertical  eiigiiie  already  described,  a  valve 
is  sometimes  used,  consisting  ol'  two  pistons  connected  by  a  rud, 
and  worked  by  an  ordinary  eccentric.  By  a  simple  arrangemcnt 
these  pistons  luive  always  tlie  same  pressure  inside  as  out,  which 
prevents  any  leakage''-*  or  blowing  tlirough-*^;  and  tliey  aro  said 
always  to  werk  equally  as  well  and  free  froni  friction  under 
150  pounds  pressure  as  under  10  pounds  per  Square  inch,  and  to 
require  no  adjustinent. -^  It  is  niore  usual,  liowever,  to  adopt  the 
three-ported  valve  used  on  locomotives,  witli  (frequently)  a  cut-off 
valve  on  the  back  of  this  main  valve,  which  cut-off  valve  is  ad- 
justed   oitlicr  by  band  or  by  the  governor. 


i-'ig.  10.     Cuiiiss  l^ugiue. 

Engines  of  the  class  just  described  are  especially  well  fitted,  by 
their  siniplicity,  compactness,  and  solidity,  to  work  at  the  high 
piston-speeds  which  are  gradually  becoming  generally  adopted  in 
the  effort  to  attain  increased  economy  of  fuel  by  the  reduction  of 
the  immense  losses  of  heat  which  occur  in  the  expansion  of  steam 
in  the  metallic  cylinders  through  which  we  are  now  compelled  to 
work  it. 

In  the  Allen  engine,  the  cylinder  and  frame  are  connected  as  in 
the  engine  seen  above,  and  the  crank-disk,  shaft-bearings "--,  and 
otlier  principal  details,  are  not  essentially  dili'erent.  The  valve-gear 
diifers  in  having  four  valves,  one  at  each  end  on  the  steam  as  well 
as  on  the  exhaust  side  ^^,  all  of  which  are  balanced-*  and  work 
with  very  little  resistance.  These  valves  are  not  detachable,  but 
are  driven  by  a  link'-^'^  attached  to  and  moved  by  an  eccentric  on 
the  main  shaft;  the  position  of  the  valve-rod  attachment"-''  to  which 

18  Fundament,  Fundirung.  lO  Lecken,  Kinnen,  Durchsickern.  -"  Durchblasen. 
1  Adjustirung.  22  "Wellenlager.  -3  sowol  auf  der  Seite  des  Danipfeinlasses  als  auf  der 
I—  T> r — 1 n,  — .L..-»-i.      ar.  r. — ,:._.      oQ  gcjiieberstangenverbindung. 


Adjustirung 
des  Dampfauslasses 


2-«  entlastet.     25  Coulisse. 
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link  is  determined  by  the  governor,  and  the  degree  of  expansion 
is  thus  adjusted  to  the  work  of  the  engine.  The  engine  has  usually 
a  short  stroke,  not  exceeding  twice  the  diameter  of  cylinder,  and 
is  driven  at  very  high  speed,  generally  averaging  from  600  to 
800  feet  per  minute.  This  high  piston-speed  and  short  stroke  give 
very  great  velocity  of  rotation.  The  effect  is,  therefore,  to  produce 
an  exceptional  smoothness  of  motion,  while  permitting  the  use  of 
small  fly-wheels.^^  Its  short  stroke  enables'  entire  solidity  to  be 
attained  in  a  bed  of  rigid  form,  making  it  a  very  conipletely  self- 
contained  engine,  adapted  to  the  heaviest  work,  and  requiring  only 
a  small  foundation. 


Fig.  11.     C'orliss  Engine  Valve-Motion. 


The  Corliss  engine  ^^  is  a  high-pressure  condensing  engine,  with 
considerable  expansion,  and  with  an  expansion-gear  in  which  the 
point  of  cut-off  is  determined  by  the  governor. 

Fig.  10  represents  the  Corliss  engine.  The  horizontal  steam- 
cyliuder  is  bolted-^  firmly  to  the  end  of  the  frame,  which  is  so 
formed  as  to  transmit  ^*^  the  strain^^  to  the  main  Journal  with  the 
greatest  directness.  The  frame  carries  the  guides  for  the  cross- 
head,  which  a're  both  in  the  same  vertical  plane.  The  valves  are 
four  in  number,  a  steam  and  an  exhaust  valve  being  placed  at 
each  end  of  the  steam-cylinder.  Short  steam-passages  ^^  are  thus 
secured,  and  this  diminution  of  clearance  ^^  is  a  source  of  some 
economy.  Both  sets  of  valves  are  driven  by  an  eccentric  operating 
a  disk  or  wrist-plate  2"*,  E  (Fig.  11),  which  vibrates  on  a  pin  pro- 
jecting    from    the    cylinder.      Short    links   reaching    from  this  wrist- 

27   Schwungrad.      28   Corlissmaschine.      29   verbolzen.      S'J  übertragen.      31  Spannung, 
s.  Nr.  1.     "2  Dampfweg.     33  schädlicher  Raum.     34  Scheibe,  Steuerscheibe. 
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plate  to  the  sever;il  valvos,  />>  7),  FF,  move  them  with  a  peculiarly 
varying  motion,  opcning  and  closing  them  rapidly,  and  moving  them 
quite  slowly  -when  the  port"'"''  is  either  nearly  upen  or  almost  closed. 
This  eft'ect  is  ingeniously  secured  by  so  placing  the  pins  on  the 
wrist-plate  that  their  line  of  motion  becomes  nearlj-  transversa  to 
the  direction  of  the  valve-links  ^^  when  the  limit  of  movement  is 
approaclied.  The  links  connecting  the  wrist-plate  with  tlie  arms 
moving  the  steam-valves  have  catches  ^^  at  their  extremities,  which 
are  disengaged^^  by  coming  in  contact,  as  the  arm  Swings  around 
with  the  valve-stem,  with  a  cam^^  adjusted  by  the  governor.  This 
adjustment  permits  the  steam  to  follow  the  piston  farther  when  the 
engine  is  caused  to  "slow  down",  and  thus  tends  to  restore  the 
proper  speed.  It  disengages  the  steam-valve  earlier,  and  expands 
the  steam  to  a  greater  extent,  when  the  engine  begins  to  run  above 
the  proper  speed.  When  the  catch  is  thrown  out,  the  valve  is 
closed  by  a  weight  or  a  streng  spring.  To  prevent  jar  when  the 
motion  of  the  valve  is  checked,  a  "dash-pot"^^  is  used,  invented 
originally  by  F.  E.  Sickels.  This  is  a  vessel  having  a  nicely-fitted 
piston,  which  is  received  by  a  "cushion"  of  water  or  air  when 
the  piston  suddenly  enters  the  cylinder  at  the  end  of  the  valve- 
movement.  In  the  original  water  dash-pot  of  Sickels,  the  cylinder 
is  vertical,  and  the  plunger^°  or  piston  descends  upon  a  small  body 
of  water  confined  in  the  base  of  the  dash-pot.  Corliss's  air  dash- 
pot  is  now  often  set  horizontally. 

In  the  Greene  steam-engine  (Fig.  12)  the  valves  are  four  in 
number,  as  in  the  Corliss.  The  cut-off  gear*^  consists  of  a  bar,  A^ 
moved  by  the  steam-eccentric  ^^  in  a  direction  parallel  with  the 
centre-line*^  of  the  cylinder  and  nearly  coincident  as  to  time  with 
the  piston.  On  this  bar  are  tappets*^,  C  C,  supported  by  Springs 
and  adjustable  in  height  by  the  governor,  G.  These  tappets  engage 
the  arms  B  B,  on  the  ends  of  rock-shafts*^  E  E,  which  move  the 
steam-valves  and  remain  in  contact  with  them  a  longer  or  shorter 
time,  and  holding  the  valve  open  during  a  greater  or  less  part  of 
the  piston-stroke,  as  the  governor  permits  the  tappets  to  rise  with 
diminishing  engine-speed,  or  forces  them  down  as  speed  increases. 
The  exhaust-valves  are  moved  by  an  independent  eccentric  rod, 
which  is  itself  moved  by  an  eccentric  set,  as  is  usual  with  the 
Corliss  and  with  other  engines  generally,  at  right  angles  with  the 
crank.  This  engine,  in  consequence  of  the  independence  of  the 
steam-eccentric,  and  of  the  contemporary  movement  of  steam  valve- 
motion  and  steam-piston,  is  capable  of  cutting  off  at  any  point  from 
beginuing  to  nearly  the  end  of  the  stroke.  The  usual  arrangement, 
by  which  steam  and  exhaust  valves  are  moved  by  the  same  eccentric, 

35  Schieberzugstange.  3G  Klinke.  3"  auslösen.  38  Hebedaumen.  39  Dash-pot,  Buffer. 
*o  8.  Kr.  8.  *i  Absperrmechanismus.  *2  Einlassexcenter.  *s  Mittellinie,  Axe.  **  Knagge. 
♦8  osciUrrencle  Welle. 
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only  permits  expansion  with  tlie  ränge  from  the  beginning  to  half- 
stroke.  In  the  Corliss  engine  the  latter  construction  is  retained, 
with  the  object,  in  part,  of  securing  a  means  of  closing  the  valve 
by  a  "positive  motion"  ^^,  should,  by  any  accident,  the  closing  not 
be  effected  by  the  weight  or  spring  usually  relied  upon. 

The  steam-valve  of  the  Greene  engine,  as  designed  by  the  author, 
is  seen  in  Fig.  13,  where  the  valve,  G  H,  covering  the  port,  D,  in 
the  steam-cylinder,  AB,  is  nioved  by  the  rod,  J J,  connected  to 
the  rock-shaft,  31,  by  the  arm,  L  K.  The  line,  KI,  should,  when 
carried  out,  intersect  the  valve-face  at  its  middle  point,  under  G. 


Fig.  12.     Greene  Engine. 

The  charactei-istics  of  the  American  stationary  engine,  therefore, 
are  high  steam-pressure  without  condensation,  an  expansion  valve- 
gear  with  "drop  cut-off"^^  adjustable*^  by  the  govemor,  high 
piston-speed,  and  lightness  combined  with  strength  of  construction. 
The  pressure  most  commonly  adopted  in  the  boilers  which  furnish 
steam  to  this  type  of  engine  is  from  75  to  80  pounds'*^  per  Square 
inch;  but  a  pressure  of  100  pounds  is  not  infrequently  canüed. 

Vary  much  greater  pressures   have,   however,   been  adopted  by 

46  gezwungene  Bewegung.    *'  Klinkensteuerung.     4S  verstellbar.     *9  d.  h.  5,   2  —  5,~5 
Atmosphären. 
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some  makers,  and  immensely  "higher  steam"  lias  been  experimented 
with  by  several  engineers.  As  early  ae  1823,  Jacob  Perkins*  com- 
menced  experinienting  with  steam  of  vei-y  great  tension. 

Anothcr  engineer,  a  few  years  later,  was  also  successful  in  Con- 
trolling and  working  steam  under  much  higher  pressures  thau  are 
even  now  in  u«e.  This  was  Dr.  Ernst  Alban,  a  distinguished  German 
engine-builder,  of  Plau,  Mecklenburg,  and  an  adniirer  of  Oliver 
Evans,  in  whose  path  he,  a  generation  later,  advanced  far  beyond 
that  great  pioneer. 


Fig.  13.    Steam-valve  of  the  Greene  Engine. 

The  work  of  Perkins  and  of  Alban,  like  that  of  their  px*ede- 
cessors,  Evans,  Stevens,  and  Trevithick,  was,  however,  the  work  of 
engineers  who  were  far  ahead  of  their  time.  The  general  practica, 
up  to  the  time  which  marked  the  beginning  of  the  modern  "period 
of  refinement",  had  been  but  gradually  approximating  that  just 
described.  Higher  pressures  were  slowly  approached;  higher  piston- 
speeds  came  slowly  into  use;  greater  exj)ansion  was  gradually 
adopted;  the  causes  of  losses  of  heat  were  finally  discovered,  and 
steam-jacketing  ^'^  and  external  non-conducting  coverings^^  were  more 
and  more  generally  applied  as  builders  became  more  familiär  with 
their  work.  The  "Compound  engine"^^  was  now  and  then  adopted; 
and  each  experiment,  made  with  higher  steam  and  greater  expansion, 
was  more  nearly  successful  than  the  last. 

Finally,  all  these  methods  of  securing  economy  became  recognized, 
and  the  reasons  for  their  adoption  became  known.  It  then  remained, 
as  the  final  step  in  this  progression,  to  combine  all  these  requisites 
of  economical  working  in  a  double-cylinder  engine  ^^,  steam-jacketed, 
well  protected  by  non-conducting  coverings  working  steam  of  high 
pressure,  and  with  considerable  expansion  at  high  piston-speed. 
This  is  now  done  by  the  best  builders. 

Thtjeston,   A  Eistor y  of  the  Steam  Engine. 

so  steam-jackel  Dampfmantel,  si  Compoundmaschine.  S2  nichtleitende  Umhüllnng. 
53  Doppelcyliudermaschine. 

*  Perkins  was  a  native  of  Newbnryport,  Mass.  He  was  born  Jnly  9,  1766,  and  died 
in  London,  July  30,  1819.  He  went  to  England  wben  fifty-two  years  of  age,  to  introduce 
his  inyentions. 
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31.  LOCOMOTIVE  BOILER.* 

Ix  a  locomotive  hoiler  ^  the  outside  and  inside  fire-hoxes  ^  are 
made,  the  former  of  iron  and  the  latter  of  copper.  The  water-space  ^ 
between  them,  and  which  completely  surrounds  the  inner  fire-box, 
is  closed  at  the  bottom  by  a  Square  bar.  This  bar  is  bent  and 
welded*  to  the  proper  form,  to  extend  around  the  bottom  of  the 
inside  fire-box,  and  it  is  riveted  and  tightly  caulked  to  both  fire- 
boxes.  The  water  in  the  water-spaces  is  in  free  communication 
with  the  rest  of  the  water  in  the  boiler;  and  thus  the  flat  sides  of 
the  respective  fire-boxes  are  exposed  to  the  füll  pressure  of  the 
steam,  which  tends  to  burst  the  outside  fire-box,  and  to  collapse 
the  inside  fire-box.  These  flat  sides,  by  themselves,  would  be  unable 
to  resist  the  strain^  upon  them;  but  as  the  strain  upon  the  respective 
fire-boxes  is  in  opposite  directions,  and  necessarily  equal  for  equal 
areas  of  surface,  tie-holts,  or,  as  they  are  called,  stay-holts  ^,  are 
screwed  through  the  plates  at  frequent  intervals,  so  as  to  connect 
the  two  fire-boxes  securely  together,  the  ends  of  the  stay-bolts 
being  also  riveted,  or  spread  out  by  hammering  so  as  still  further 
to  increase  their  holding  power. 

The  flat  top  of  the  inside  fire-box  is  of  course  equally  weak 
with  the  sides.  It  could  not  be  satisfactorily  secured  by  stay-bolts 
to  the  roof  of  the  outside  fire-box,  and  it  is  stiffened,  therefore, 
by  a  series  of  iron  bars,  placed  on  edge,  and  of  considerable  depth, 
and  which  are  firmly  connected  to  the  roof  or  croivn ''  of  the  inside 
fire-box  by  rivets.  ^  The  roof,  therefore,  can  only  be  crushed  down- 
wards  by  bending  these  bars,  which  are  of  great  strength,  at  the 
same  time.  These  bars  usually  extend  in  the  direction  of  the  length 
of  the  fire-box,    but  they  may  extend  across  it. 

A  horizontal  grate  ^  of  thin  and  deep  bars  is  fitted  across  the 
bottom,  forming  the  bottom  of  the  fire-box;  and  a  door  is  made  to 
open  into  the  fire-box  from  the  foot-plate.  ^'^ 

Thin  brass  tubes^^  generally  2  in.  in  diameter,  and  from  10  ft. 
to  12  ft.  long,  are  employed  to  conduct  the  hot  gases  from  the 
fire-box  to  the  chimney,  the  number  of  tubes  varying,  according  to 
the  size  of  the  engine,  from  100  to  200  or  more.  The  arrange- 
ment  of  these  tubes,  the  uppermost  row  of  which  is  covered  by 
from  6  in.  to  8  in.  of  water,  is  shown  in  all  sections  of  locomotive 
boilers.  The  front  plate  of  the  inside  fire-box  and  the  front  plate 
of  the  cylindrical  portion  of  the  boiler  are  accurately  drilled  ^-,   to 

1  Lokomotivkessel.  2  inside  (outside)  fire-box  innere  (äussere)  Feuerbüchse  oder  Feuer- 
kiste.  2  Wasserraum.  *  to  weld  schweissen,  to  rivet  nieten,  s  s.  Ifr.  1.  6  Ankerbolzen, 
Stehbolzen.  ?  Decke,  Feuerungsdecke.  »  Niete.  »  Rost,  s.  Nr.  27,  i9.  lo  Fussplatte. 
11  tube,  fire-tube  Röhre,  Heiz-,  Rauchrohre,  to  draw  (to  put  in,  to  renew)  tubes  Röhren 
herausnehmen  (einsetzen,  erneuem).     12  bohren,   s.  Nr.  19. 

*  S.  Technical  Vocabulary,  eh.  53  "Locomotive",   und  T.  III,  Nr.  6  "Rolling  Stock". 
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receive  the  ends  of  the  tubes,  which  pass  through  the  plates  and 
are  raade  steam-tight  witliin  thera  hy  fcrndcs^'*  of  wrought  or  caat- 
iron  ^*,  wliicli  are  drivon  into  the  ends  ol"  the  tubes,  so  as  to  force 
them  tiglitly  into  contact  with  the  interior  surfaces  of  the  holes  in 
the  tuhc-plates.^''  Such  is  the  tightness  with  which  the  tube-ends 
are  thus  secured  in  their  phites,  tliat  not  only  is  there  no  leakage 
of  water,  as  long  as  the  joints  are  kept  in  good  order,  but  the 
tubes  serve  as  ties  to  prevent  the  respective  tube-plates  from  being 
forced  outwards,  as  they  otherwise  would  be,  by  the  pressure  of 
the  steam.  Through  that  portion  of  the  boiler  above  the  tubes  a 
nuraber  of  tie-bolts  extend  longitudinally  from  the  smoke-hox  ^^  tube- 
phite  to  the  bacJc-plate  of  tlie  fire-box,  to  hold  these  plates  together 
against  the  pressure  of  steam  tending  to  force  them  apart. 

The   tubes   lead   into    a  closed   Chamber  formed  upon  the  front 
end  of  the  boiler,  and  called  the  smoke-box. 


Fig.  14.     British  Express  Engine. 
0,  Boiler,    ..V,  Fire-box,    X,  Grate,    G,  Smoke-box,    P,  Chimney,    S,  Spring-valve,    R,  Lever 
safety-valve,    T,  Wbistle,    L,  Throttle  or  regulator  valve,    £,  Steam-cylinder,     W,  Driving- 

wheel,    D,  Cross-head. 

Before  steam  is  raised,  and  when  the  boiler  is  empty,  it  is  first 
filled  with  water  to  the  height  of  a  few  inches  above  the  fire-box, 
by  means  of  a  hose  connected  with  a  cock  placed  on  any  convenient 
part  of  the  boiler.  In  order  to  know  when  the  water  is  at  the 
right  height  there  are  two  gmige-cocks^^  fixed  in  the  back-plate  of 
the  fire-box,  towards  the  engineman's  ^^  foot-plate,  the  one  cock  a 
few  inches  above,  the  other  as  much  below  the  proper  level  of  the 
water  within  the  boiler.  These  cocks  have  steam-tight  fittings  con- 
necting  them  with  a  glass  tube,  within  which  the  water,  having 
free  access  from  the  boiler  through  the  lower  cock,  is  free  to  rise 
and    fall,    the    surface    of  the  water   in    the    glass   being   under   the 


13  Sperrring.  ^*  s.  Nr.  2.  15  front  (back)  tube-plate  vordere  (hintere)  Köhreni)latte. 
16  smoke-box  Bauchkammer,  chimney  Schornstein,  blast-pipe  Blasrohr,  spark-catcher  Funken- 
fänger.  i"  s.  Nr.  27,  JT.  i^  engineman,  driver  Lokomotivführer,  starting-lever  Anlasshebel, 
reversing  gear  Umsteuerung,  reversing  lecer  Umsteuerungshebel,  toothed  Segment  Zahn-, 
Führungsbogen,  Siephenson's  link-motion  Stephenson'sche  Coulissensteuerung,  slot  Coulisse, 
Tasche,    slider  G-leltbock,    hand-rail  Handleiste,  Laufstauge. 
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pressure  of  the  steam,  freely  admitted  througli  the  upper  cock.  The 
water  within  the  gauge-glass  thus  has  the  same  level  as  that  in  the 
boiler-,  and  the  engineman  has  only  to  look  at  this  glass  to  see 
what  the  height  of  the  water  is. 

To  prevent  cinders  and  live  coals  from  falling  through  the  fire- 
grate  upon  the  line,  and  partly  for  another  reason,  an  ash-pan^^ 
is  fixed  beneath  the  fire-box,  and  a  few  inches  off  the  rails.  ^"^ 

It  is  often  important,  when  the  engine  is  standing,  to  prevent 
any  access  of  air  to  the  fire-box;  and  hence  the  ash-pan  is  made 
to  fit  tightly  to  the  fire-box  on  all  but  the  front  side.  This  side 
is  opened  er  closed  at  pleasure  by  a  hinged  plate,  called  the 
damper^^,  which  is  adjusted  by  a  rod  worked  from  the  foot-plate. 
When  the  engine  is  running  rapidly,  with  the  damper  open,  a  slight 
advantage  is  also  gained  by  the  rush  of  air  into  the  ash^pan.  At 
60  miles  an  hour,  or  88  feet  a  second,  the  pressure  against  the 
moving  surface  would  be  over  1  oz.  a  Square  inch,  or  9  Ibs.  a 
Square  foot.  ^^  Spon's  Dictionary  of  Engineering. 


32.    LOCOMOTIVES  FOR  NOVA  SCOTIA.* 

We  give  a  description  of  an  eight-wheeled  outside  engine  designed  by 
Messrs.  Fox,  Walker,  and  Co.,  of  Bristol,  for  the  Windsor  and  Annapolis 
Railway,  Nova  Scotia.  This  engine  has  been  designed  for  working  either 
heavy  passenger  or  light  goods  traffic,  and  it  is  especially  adapted  for 
a  line  having  steep  gradients  and  sharp  curves.  It  has  four  coupled 
wlieels  and  a  four-wheeled  bogie  in  front,  this  bogie  having  a  lateral 
play  of  3  in.  in  addition  to  its  axial  movement,  whilst,  to  give  furtlier 
flexibility  to  the  engine,  a  slight  amount  of  lateral  motion  is  also  allowed 
to  the  driving  axle.  The  boiler  is  made  quite  independent  of  the  frame, 
so  that  it  is  readily  removable  for  repairs;  and  it  is  constructed  for  a 
working  pressure  of  200  Ibs.  per  square  inch,  the  longitudinal  seams 
being  welded  and  the  transverse  seams,  butt  jointed  and  double  riveted. 
The  principal  dimensions  of  the  engine  are  as  follows : 

ft.    in. 

Diameter  of  cylinders 1.  4. 

Length  of  stroke 1.  10. 

Diameter  of  coupled  wheels 5.  1. 

Diameter  of  bogie 2.  G. 

Distance  between  centres  of  coupled  wheels 7.  6. 

Distance  between  centres  of  bogie 5.  0. 

Distance  from  centre  of  bogie  pin  to  centre  of  driving  axle  10.  3. 

Total  wheel  base 20.  3. 

Height  of  centre  line  of  boiler  above  rail  level 6.  4. 

19  Aschkasten.  2o  Schiene,  s.  Teil  III,  Nr.  5  "Rails";  sand-box  Sandstreuer,  rail-guard 
Schienenräumer,  snori:-plough  Schneepflug.  21  Klappe  (am  Aschkasten),  truck  l'nterwatren, 
/rome  Rahmen,  ftoj^ie  Drehgestell,  drirm^-wAeci  Treibrad  u.  s.w.,  s.T.III,  Nr.  6  "Rolling  Stock". 

*  S.   Technical   Vocabularv,    eh.  53. 
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The  framcs  of  tlte  eiipine  are  oach  i«unche(l  out  of  a  solid  plate  1  in. 
thick  aud  aro  well  braoed  together,  a  cast-iron  foot-platc,  suoh  as  has 
beou'imK'h  used  bv  Mr.  Sinclair,   being  placed   at   the  bind   end  to  prive 


«rreater  weight  on  trailing  wheels.  The  footplate,  it  will  be  noticed, 
fs  protected  by  a  cab.  this  being  made  of  polished  mahogany,  aud  being 
furnished  at  the  sides  with  slides  for  regulating  the  Ventilation.  AU  the 
movincr  parts  are  furnished  with  large  bearing  surfaces,  and  the  drivmg 
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and  trailing  axle  boxes  are  fitted  with  wedges  for  adjustment.  Steel  lias 
also  been  largely  used  in  the  construction  of  the  working  gear,  and  the 
parts  generally  are  well  arranged  and  thoroughly  accessible.  All  the 
details  are  made  accurately  to  gauge  so  as  to  be  intercbangeable  in  the 
various  engines.  The  firebox  is  arranged  for  burning  coal,  being  provided 
with  a  firebrick  and  with  a  deflector  plate  fitted  to  the  firehole.  Further 
particulars  of  these  engines — which,  we  may  state,  appear  well  adapted 
for  their  intended  service — are  given  by  the  following  extracts  from  the 
specification: 

Boiler.  —  The  barrel  of  the  boiler  is  10  ft.  6  in.  long,  and  4  ft.  2  in. 
dianieter,  and  is  made  of  the  best  bowling  plates  yu  in.  thick.  The 
longitudinal  seams  are  welded  solid,  and  the  transverse  seams  are  butt 
jointed  and  double  riveted.  The  boiler  is  fitted  with  a  steam  dorne  2  ft. 
2  in.  in  dianieter  by  2  ft.  3  in.  high. 

Smoke  Box  and  Chimney. — The  smoke  box  is  formed  of  7$  ^^-  plate. 
The  tube  plate  is  %  in.  thick,  and  is  flanged  to  join  the  barrel  plates. 
The  chimney  is  made  of  '/^  in.  plates,  riveted  fair  and  flush  with  a  butt 
Joint  behind.    The  top  of  the  chimney  is  fitted  with  a  polished  copper  cap. 

TJie  External  Firebox  is  made  of  the  best  bowling  plates  "/le  iii-  thick. 
It  is  4  ft.  10  in.  long  by  4  ft.  2V2  in.  wide,  and  6  ft.  6  in.  in  height  from 
its  base  to  the  crown  of  the  arch.  Double  riveted  longitudinal  stays  1  in. 
in  diameter  run  from  the  smoke  box  tube  plate  to  the  front  plate  of  the 
firebox  shell. 

The  internal  Firebox  is  made  of  the  best  copper  4  ft.  2  in.  long  by 
5  ft.  high,  3  ft.  5%  in.  wide,  and  "/le  in-  thick,  except  at  that  part 
through  which  the  tubes  pass,  where  it  is  ^Vie  io-  thick.  The  sides  and 
ends  are  stayed  by  Vs  in.  screwed  copper  stays  riveted  over  at  the  ends, 
and  the  pitch  of  the  stays  is  4  in.  from  centre  to  centre.  The  crown 
of  the  firebox  is  stayed  by  eight  wrought-iron  bridge  stays  bolted  to 
the  roof,  and  fastened  by  streng  sling  stays  to  the  roof  of  the  firebox 
shell.  The  roof  stays  are  secured  to  the  firebox  by  screws  which  are  so 
arranged  that  they  can  be  removed  and  replaced  from  the  inside  of 
the  firebox  in  much  less  time  and  at  far  less  cost  than  by  the  ordinary 
and  more  general  method  of  fixing  the  stays.  The  foundation  ring  and 
mouthpiece  of  the  firebox  are  forged  out  of  a  solid  wrought-iron  ring. 
Suitable  brass  mud  plugs  are  fitted  in  convenient  positions  to  the  firebox 
for  cleansing  out  the  boiler. 

The  Tubes  are  150  in  number,  and  are  of  the  best  rolled  brass.  They 
are  2  in.  diameter,  No.  12  B.  W.  gauge  thick  at  the  firebox  end,  and 
14  B.  W.  gauge  at  the  smoke  box  end. 

TJie  Frames  are  punched  from  one  solid  plate  of  wrought  iron  1  in. 
thick,  and  are  strongly  secured  to  one  another  by  deep  wrought-iron 
cross  girder  stays,  and  they  are  further  strengthened  and  bound  together 
by  the  cast-iron  footplate  as  well  as  by  the  buffer  beams.  The  buffer 
beams  are  of  well  seasoned  oak  1  ft.  3  in.  X  6  in. 

Wheels  and  Axles. — The  driving  and  trailing  wheels  are  of  wrought 
iron,  being  fitted  with  steel  tyres,  2Y2  in.  deep  on  the  tread.  They  are 
5  ft.  1  in.  diameter,  and  are  all  turned  and  bored  truly  to  templates  and 
gauges.     The  axles  of  the  driving  and  trailing  wheels  are  7  in.  diameter. 

Bogie. — The  front  part  of  the  engine  is  carried  on  a  bogie  resting  on 
strong  wrought-iron  cross  girders  between  the  frames.  The  bogie,  be- 
sides  having  the  ordinary  radial  motion,  is  capable  of  moving  in  a  lateral 
direction  for  a  distance  of  3  in.,  when  the  engine  runs  into  a  curve. 
A  slight  lateral  motion  has  also  been  allowed  for  in  the  axle-boxes  of 
the  leading  driving  wheels.  The  wheels  of  the  bogie  are  four  in  number, 
and  are  forged  out  of  wrought  iron,    and  fitted  with   steel  tyres  2V4  in. 
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deep  on  thc  troad.  Tbc  axles  are  of  tUc  best  scrap  iron,  B'/j  in.  dia- 
meter  at  the  Journals. 

Spring  Gear. — EUiptical  Springs  are  fitted  to  the  driving  and  trailiug 
wheols  as  well  as  to  the  bogic.  These  Springs  are  capable  of  adjustnient. 
To  equalize  the  weight  still  further,  the  trailing  and  driving  wheels' 
Springs  are  fitted  with  conipeusatiug  beanis.  To  i)revent  any  niotallio 
ooutact  all  the  Springs  are  fitted  with  numerou.s  circular  washcrs  of 
iudia-rubber. 

CijUnders  are  of  the  best  hard  cylinder  metal,  and  they  are  16  in. 
diameter,  and  fitted  for  a  stroke  of  22  in.  The  cylinders  are  securely 
bolted  and  fastened  to  the  frames.  The  Covers  are  secured  by  7«  io- 
turned  bolts  and  studs.  Waste  water  locks  are  fitted  to  the  cylinders, 
and  are  connected  by  suitaljle  levers  to  the  foot-plate,  and  a  double 
grease  cup  is  fitted  to  each  cylinder.  The  slide  valves  are  of  the  best 
gun-metal. 

Pistons  are  of  cast  steel,  4  in.  wide,  and  have  steel  rings  sprung  into 
grooves  turned  in  the  body.  The  rods  are  of  the  best  hamniered  Bes- 
semer  steel,  2%  in.  diameter,  and  are  forged  solid  with  pistons. 

The  Connecting  Rods  are  of  the  best  hammered  mild  Bessemer  steel, 
and  are  fitted  with  heavy  bi-asses,  secured  by  steel  cotters. 

The  Coiqüing  Rods  are  of  the  best  scrap  iron,  having  steel  bushes  on 
Mr.  Ramsbottom's   System. 

Valve  motion  is  of  best  mild  Bessemer  steel.  The  sheaves  of  the 
eccentrics  are  in  halves,  the  smaller  part  being  of  wrought  iron.  The 
eccentric  straps  are  of  the  best  gun  metal.  The  link  motion  is  of  the 
shifting  link  description. 

Slide  Bars  are  of  Bessemer  steel,  and  are  polished  all  over. 

The  Regulator  is  fixed  at  the  end  of  the  copper  steam  pipe  in  the  dorne. 

Feed  Pumps,  &c. — The  boiler,  which  is  fed  by  a  brass  pump  fixed 
on  to  the  frame,  and  worked  from  the  crosshead,  and  is  fitted  with  a 
large  air  vessel — a  No.  8  Giftard's  patent  injector — is  fixed  on  the  engine 
in  a  convenient  position  for  the  engine  driver.  All  the  feed  pipes  are 
of  the  best  copper,  and  are  polished. 

The  Locomotives  are  fitted  with  safety  valves  and  whistle  mounted 
upon  turned  and  polished  hollow  pillars.  They  also  cariy  a  large  brass 
bell  similar  to  those  in  use  on  the  Ame)'ican  railways. 

Sand  Boxes  are  erected  on  each  of  the  foot-plates  in  front  of  the 
di'iving  wheels,  and  are  worked  simultaneously  by  means  of  a  handle 
from  the  inside  of  cab. 

The  Steam  Dome  Casing  is  of  polished  brass.  The  engines  are  supplied 
with  all  the  usual  fittings  as  used  on  the  best  main  line  locomotives. 
The  tenders  are  capable  of  holding  2000  gallons  of  water,  and  are  carried 
upon  two  four-wheeled  bogies.  They  ai"e  similar  to  those  running  on 
the  Canadian  lines.  Engineering. 


33.    DESCRIPTION  OF  AN  AGRICULTURAL  ENGINE. 

The  construction  of  the  portable  agricultural  steam  engine  of  Holmes 
&  Sons  is  simple;  the  working  parts  being  all  outside,  the  whole  can  be 
adjusted  readily.  It  is  fitted  with  a  cranked  shaft,  so  that  a  wheel  or 
driving  drum  can  be  fixed  at  either  side.  It  has  a  governor,  of  simple 
form,  having  few  parts,  which  works  with  precision.  Every  part  of  the 
engine  is  of  great  strength,   wrought  iron  being  used  where  practicable. 
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The  piston  rod,  pins,  and  small  parts  are  made  of  steel.  All  the  brass 
hearings  are  wide  and  easy  to  adjust.  The  feed-pump  is  fitted  so  as  to 
prevent  any  liability  of  accident  in  fi-osty  weather,  and  in  such  a  manner 
that  it  cannot  get  easily  out  of  order.  The  boiler  is  of  sufficient  capacity, 
and  capable  of  doing  heavy  work  without  priming.  The  cylinder  is  large, 
with  14-inch  stroke. 

The  engine  is  especially  designed  and  constructed  to  economize  fuel  and 
to  regulate  its  consumption  according  to  the  power  required.  It  has  a 
feed-water  heater  or  reservoir  placed  in  the  smoke-box  of  the  engine,  in 
which  the  water  is  heated  by  the  exhaust-steam  and  hot  air  passing  froni 
the  ßre-box  to  the  chimney.  A  double  feed-piimp  is  in  connection  with  this 
heater  by  means  of  pipes.  One  pump  draws  the  cold  water  from  the  supply 
tank  and  discharges  it  into  the  heater.  The  other  is  supplied  with  hot 
water  from  the  heater  and  forces  it  into  the  boiler.  The  slide-valve 
is  on  the  gridiron  principle,  and  the  pressure  of  the  steam  is  removed 
from  the  back  of  the  valve  by  means  of  metallic  equilibrium  relief-rings 
kept  up  to  the  faces  of  the  sUde-case  eover  by  means  of  spiral  Springs: 
the  valves  are  found  to  be  as  easily  moved  when  the  steam  is  on  as 
when  it  is  off.  The  cut-off,  or  expansion-valve,  is  worked  by  a  movable 
eccentric.  The  adjustment  of  this  eccentric  is  very  simple;  it  is  held  in 
its  place  by  a  nut  screwed  to  a  bolt  fixed  to  the  fast  eccentric,  under 
which  is  placed  a  pointer,  which  slides  on  a  plate  graduated  with  the 
various  grades  of  expansion,  and  fixed  to  the  other  eccentric,  and  the 
engine-driver  has  only  to  adjust  the  loose  eccentric  until  the  pointer 
reads  the  mark  in  the  grade  which  corresponds  with  the  point  at  which 
the  steam  is  cut  off  in  the  stroke  of  the  piston.  The  general  construction 
of  the  engine  is  very  strong.  The  average  consumption  of  fuel  is  about 
3.5  Ibs.  of  ordinary  coal  an  hour. 

Spon's  Dictionary  of  Engineering. 


34.   HUGHES'S  IMPROVED  TRAMWAY  ENGINES. 

Für  some  weeks  the  first  of  a  series  of  fifteen  of  Hughes's  im- 
proved  tramway  engines  has  been  running  in  actual  service  between 
Lille  and  Haubourdin  in  the  north  of  France.  On  this  line  the  en- 
gine passes  along  some  of  the  most  frequented  streets  of  Lille,  without 
in  any  way  disturbing  the  traffic,  which  is  in  some  parts  considerable. 
and  according  to  the  local  papers  the  engine  gives  perfect  satisfaction, 
as  it  works  without  noise,  emits  neither  steam  nor  smoke,  and  the  motion 
is  completely  hidden  from  sight,  and  therefore  horses  are  not  at  all 
alarmed.  The  general  arrangement  and  appearance  of  the  engine  is  that 
of  a  small  tank  locomotive  with  a  cab  or  roof  extending  from  end  to 
end  of  the  engine,  and  the  motion  is  boxed  in  by  thin  sheet  iron  doors, 
which  can  be  easily  opened,  and  give  free  access  to  every  part  of  the 
engine.  The  engine  has  inside  cylinders  9  in.  in  diameter,  and  a  stroke 
of  13  in.,  and  the  four  wheels,  which  are  coupled,  are  3  ft.  6  in.  in  diameter, 

92  s^  j^3 
the  tractive  power  being  thus  — ^^ —  =  25-07  Ib.  per  pound  of  effective 

pressure  per  Square  inch  on  the  pistons.  The  mean  effective  pressure  in 
the  cvlinders  is  about  110  Ib.,  while  the  weight  of  the  engine  is  about 
9  tons  in  working  order.  The  boiler  is  worked  at  a  pressure  of  140  Ib., 
and  is  made   for  a  test  pressure  of  250  Ib.   per  square  inch,    and  is   so 
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constructed  that  it  works  entirely  by  a  natural  drau{?ht,  no  blast  pipe 
beinjr  used.  'l'hc  fire-box  also  is  very  large,  so  that  no  firing  is  done  on 
tho  jouiney.  The  boiler  has  a  barrcl  of  2  t't.  4yj  in.  in  diameter,  the  centre 
line  btnng  4  ft.  7  in.  abovo  the  k-vcl  of  the  rail;  it  contains  8ixty-two  brass 
tubes  l'/j  in.  in  diameter  outsido,  und  .')  ft.  9'/«  in.  lietween  the  tnbe  plates. 
The  whole  of  the  boiler,  togcther  with  the  ehimney  and  fire-box,  as  well 
as  the  cyliuders  and  valve  ehest,  are  surrounded  with  a  non-conducting 
subatance,  ettecting  a  eonsiderable  saving  of  fiiel,  aud  avoiding  also  the 
unpleasant  heat  that  would  otherwise  be  feit  through  radiation.  The 
fire-box  is  of  eopper,  and  is  2  ft.  l'/i  in.  long  at  the  Ixittom,  1  ft.  11 V4  in. 
wide,  and  is  2  ft.  7  in.  high  above  the  grate.  The  ehief  proportions  of 
the  boiler  therefore  arc:  —  Heating  surface  of  tubes,  140*()0  square  feet; 
heating  surface  in  fire-box,  22'.58  square  feet;  total  heating  surface, 
1()2"5H  S(iuare  feet.     The  fire-grate  area  is  382  square  feet. 

The  boiler  is  of  Lowmoor  iron,  and  is  provided  with  a  small  but 
highly  placed  dorne,  large  enough,  however,  for  the  work  demanded 
of  it.  On  the  ui)per  part  of  this  dorne  are  placed  the  safety  valves, 
which  disehargc  the  steani  iiito  a  small  Chamber,  whence  it  is  Ijlown  oft' 
either  into  the  condenser  tank  or  eise  into  the  open  air  by  means  of  a 
pipe  with  a  twoway  cock,  which  is  so  arranged  that  it  is  always  open 
to  the  füll  extent.  The  regulator,  which  is  also  placed  in  the  dorne,  is 
worked  by  a  rod,  which  extends  from  end  to  end  of  the  engine,  the 
handle  being  fixed  direct  on  this  rod  at  one  end ;  whereas  at  the  other 
extremity,  that  over  the  fire-box,  the  handle  turns  on  a  stud  carried  by 
a  suitable  bracket,  aud  acts  on  the  regulator  rod  through  a  pair  of 
geared  segments.  By  this  arrangement  the  movement  of  the  handle  to 
open  or  shut  the  regulator  is  the  same  with  regard  to  the  driver  at 
whiohever  end  he  niay  be  placed.  The  valve  gear  is  of  the  ordinary 
shifting  link  type,  the  valves  having  y^  in.  lap  and  1  '/j  in.  travel  in  füll 
gear.  The  reversing  levers  are  placed  at  both  ends,  and  like  the  regu- 
lator handles,  they  are  so  arranged  that  they  occujiy  at  each  end  the 
same  relative  position  to  the  driver;  the  "forward"  movement  thus  always 
means  forward  and  vice  versa. 

Close  to  the  screw  brake  handle,  and  similarly  arranged,  there  is  a 
small  lever  by  which  the  steam  brake  can  be  immediately  applied.  In 
this  way  the  driver  being  at  the  forward  eud  of  the  engine,  can  at  ouce 
eee  an  object  coming  from  a  side  street,  or  an  obstacle  in  front,  and  as 
he  has  all  the  handles  and  levers  immediately  within  bis  reaeh,  and  all 
being  arranged  to  work  in  the  same  direction  at  either  end,  the  risk  is 
avoided  of  an  accident  from  confusion  in  an  emergency,  which  there 
would  be  if  there  were  only  one  set  of  levers  provided. 

The  steam  brake  is  very  powerful,  and  acts  upon  a  lever  forged  upon 
an  intermediate  shaft  which  at  once  acts  upon  the  four  brake  blocks. 
The  steam  is  always  open  to  the  brake  cylinder,  and  ordinarily  it  acts 
upon  both  sides  of  the  piston,  but  to  apply  the  brake  the  steam  is 
exhausted  from  one  side  only,  and  the  füll  pressure  of  the  steam  being 
upon  the  other  side  of  the  piston,  acts  upon  the  lever  and  the  bloeks 
are  immediately  applied — so  rapidly  indeed,  that  there  is  no  appreciable 
space  of  time  between  touching  the  steam  brake  handle  by  the  driver 
and  the  skidding  of  the  wheels. 

The  exhaust  steam  is  not  discharged  into  the  ehimney,  but  passes 
through  the  feed-water  heating  apparatus,  and  is  then  Condensed  by 
being  discharged  upon  the  surface  of  the  water  or  by  being  forced  to 
descend  through  the  branched  pipe  at  either  side  of  the  tank,  where  it 
is  agaiu  divided  by  another  branched  pipe,  and  discharged  at  the  four 
Corners  of  the  tank,    and   in  order  to  prevent  any  pressure   in  this  tank 
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an  upright  pipe  is  placed  at  one  end  and  k  constantly  open  to  the  air. 
The  feed-water  heater  is  a  cast  iron  box  containing  a  number  of  brass 
tubes  through  which  the  feed-water  passes  from  tbe  feed  pump,  and  is 
heated  by  the  exhaust  passing  around  and  amongst  the  tubes  on  its  way 
to  the  condenser,  and  it  also  acts  as  a  iiartial  condenser  for  the  exhaust 
steam.  There  is  a  separate  tank  for  carrying  an  ample  supply  of  feed- 
water,  there  is  also  an  injector  for  feeding  the  boiler  when  the  engine 
is  not  running,  and  is  useful  in  keeping  down  the  steam  when  the  engine 
is  Standing.  All  the  parts  are  of  the  best  niaterials  and  are  very  strong, 
and  as  the  wheels  are  large  and  the  cyhnders  powerful,  the  motion  is 
not  only  raised  out  of  the  dust,  but  also  works  very  slowly,  even  when 
the  engine  is  going  at  the  rate  of  fifteen  miles  an  hour.  So  that  the 
wear  and  tear  of  the  working  parts  are  very  much  reduced. 

Mr.  Hughes  states  that  this  engine  has  been  designed  for  the  pui-pose 
of  supplying  a  long-felt  want,  viz.,  a  simple,  strong,  and  effective  engine 
for  tramways  or  railways  to  draw  light  loads  on  steep  gradients  in  town 
or  country.  Its  principal  features,  in  a  few  words,  are  as  follows: — 1.  It 
is  made  to  keep  up  steam  without  a  blast,  so  as  not  to  give  off  any 
smoke  or  unpleasant  fumes  from  the  chimney.  2.  It  will  perfectly  con- 
dense  the  steam  for  a  distance  of  eight  miles,  but  when  travelling  in 
country  districts,  where  water  for  condensation  is  scarce,  the  exhaust 
steam  can  be  passed  direct  into  the  atmosphere.  3.  Having  large  cy- 
linders  and  large  wheels,  the  pistons  can  be  worked  at  a  very  slow  speed, 
thus  reducing  the  wear  and  tear  of  all  the  parts  to  a  minimum,  and 
reducing  the  cost  of  repairs  and  the  liability  to  accident.  4.  The  fire- 
box  and  boiler  are  of  sufficient  capacity  to  render  unnecessary  any  fresh 
supply  of  fuel  or  water  during  an  ordinary  journey;  a  second  man  is 
therefore  not  required,  as  the  driver  is  at  liberty  to  confine  all  his 
attention  to  the  duties  of  driving.  5.  The  whole  of  the  working  parts 
are  placed  high  up  from  the  road,  and  are  thus  protected  from  dust. 
The  engine  is  also  completely  cased  in  all  round  to  within  5  in.  of  the 
top  of  the  rails,  thereby  concealing  all  the  machinery  and  making  it  im- 
possible  for  anyone  to  get  beneath  the  wheels.  6.  The  engine  is  com- 
pletely boxed  in  and  protected,  at  the  same  time  can  be  easily  inspected, 
and  access  is  given  to  every  part  of  the  engine.  7.  It  can  be  driven 
from  either  end,  so  that  the  driver  has  a  clear  view  of  the  road  before 
him,  and  turntables  are  dispensed  with.  8.  A  steam  brake  is  provided  so 
that  the  engine  can  be  stopped  in  a  very  short  distance.  9.  All  the 
parts  are  of  the  very  best  materials  that  can  possibly  be  obtained — the 
boiler  of  Lowmoor  iron,  the  fire-box  of  copper,  and  the  tubes  of  brass, 
the  wearing  parts  of  steel,  and  the  wheels  have  steel  tires,  which  can  be 
turned  up  or  renewed  when  required,  and  the  Journals  and  wearing  parts 
are  of  unusually  large  size. 

During  the  last  few  days  experiments  have  been  made  with  this  engine 
on  the  Nottingham  Tramway,  where  the  inclines  are  as  steep  as  on  any 
tramway  in  this  country,  the  steepest  being  1  in  13.  These  trials  have 
proved  that  this  engine  is  capable  of  taking  a  car  containing  forty  pass- 
engers  up  such  a  road,  and  what  is  perhaps  of  more  consequence,  taking 
it  safely  down  again.  TJie  Engineer,  1880. 
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ENGLISH  MONEY,  WEIGHTS,  AND  MEASURES. 


ENGLISH  MONEY. 

The  present  unit  of  account  is  in  this  country  the  pound.  The  coin 
•which  represents  this  is  called  a  sovereign.  For  the  purposes  of  account 
the  pound  is  divided  into  20  Shillings,  and  the  Shilling  into  12  pence. 
In  small  accounts  a  penny  is  subdivided  into  4  farthings.  But  public 
Offices,  bankers,  and  merchants  take  no  account  of  farthings. 

The  guinea  of  21  Shillings,  although  no  longer  current  as  a  coin,  is 
sometimes  used  as  a  nominal  unit,  chiefly  for  fees  and  subscriptions. 

The  coins  are  the  sovereign  and  half  sovereign  in  gold;  the  crown 
{=  five  Shillings),  the  half-crown  (=  2s.  ßd.),  the  florin  (=  two  Shillings), 
the  Shilling,  and  the  sixpenny,  fourpenny,  and  threepenny  pieces,  in 
silver;  the  penny,  halfpenny,  and  farthing  in  bronze,  commonly  called 
coppers,  from  the  material  they  were  formerly  made  of.  There  have 
been  also  issued  silver  penny  and  twopenny  pieces,  but  these  are  not  in 
ordinary  circulation.  Half  farthings  and  quarter  farthings  have  also  been 
Struck  for  some  of  the  colonies. 

The  sovereign  consists  of  22-carat  gold,  i.  e.  22  parts  pure  gold  and 
2  parts  copper  out  of  24  parts.  Its  weight  is  123"274  grains.  The  Shilling 
•weighs  87"273  grains,  as  an  average  while  new,  a  pound  Troy  being  coined 
into  66  Shillings. 


4  farthings     =     1  penny. 
12  pence  =     1  Shilling. 

20  Shillings      =     1  pound. 


21  Shillings     = 
b  Shillings     = 


guinea. 
crown. 


Groat      = 

Tester     = 

Noble      = 

Angel      = 

British  India. 


4  pence. 

6  pence. 

6s.  Sd. 

10s. 

—  The  unit 


OLD  COINS. 

Mark         =     13s.  4:d. 
Carolus      =     23s. 
Jacobus      =     25s. 
Moidore    =     27s. 
of  account  is  the  rupee,   which   is  divided 


into  16  annas,  and  the  anna  into  12  pice. 
Sterling. 


rupee, 
The  rupee  passes  for  2  Shillings 
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LONG  MEASURE. 


12  inches  =  1  foot. 

3  feet  =  1  yard. 

5V2  yards  =  1  pole. 

40  poles  =  1  furlong. 


8  furlongs   =      1  Statute  mile. 
3  miles        =     1  league. 
69  miles        =     1  degree  (nearly). 


CLOTH  MEASURE. 

2^1  i  inches     =     1  nail.  4  quarters     =     1  yard. 

4  nails  =     1  quarter.  |  5  quarters     =     1  eil. 

The  inch  is  further  subdivided  in  various  ways.  Formerly  it  was 
divided  into  3  barhycorns  or  12  lines;  and  these  divisions  are  still  used 
occasionally.  But  it  is  more  usual  to  divide  the  inch  decimally.  The 
league  of  3  Statute  miles  is  rarely  used. 

XAUTICAL  MEASüßE. 

The  nautical  mile  is  reckoned  as  equivalent  to  1  minute  of  latitude 
on  the  earth's  surface.  But  this  is  not  fixed  measure,  as  the  degrees  of 
latitude  are  shorter  at  the  equator  than  they  are  at  the  pole.  The  nau- 
tical mile  may  therefore  vary  from  6046  feet  to  6104  feet,  but  it  is 
generally  taken  as  6075  feet,  which  is  about  its  length  on  the  parallel 
of  45°.  The  nautical  mile  is  usually  called  a  knot.  The  value  recently 
adopted  by  Admiralty  regulation  in  the  Navy  for  a  knot,  is  a  minute  of 
longitude  on  the  equator,  which  gives  very  nearly 

1  knot  =  6086-5  feet  =   1855  metres. 

The  fathom  of  6  feet  is  also  used  as  a  measure  of  depth.  There  was 
formerly  a  fathom  of  5  feet,  but  that  is  wholly  disused.  There  is  also 
the  cahle  length  of  120  fathoms,  sometimes  used  as  a  nominal  Standard 
of  reference. 

Surveyors  use  a  measure  22  yards  long,  called  a  chain.  This  is 
divided  into  100  links,  each  of  which  is  therefore  7*92  inches. 

SQUARE  MEASURE. 


144  Square  inches       =     1  square  foot. 
9  Square  feet           —     1  square  yard. 
30 V4  Square  yards     =     1  pole,  rod,  or  perch. 
16  poles                       =     1  Square  chain. 
40  poles                      =     1  rood. 
4  roods                     =     1  Statute  acre. 
10  Square  chains       =     1  Statute  acre. 
640  acres                       =     1  square  mile. 

CUBIC  MEASURE. 

1728  cubic  inches     =     1  cubic  foot. 
27  cubic  feet         =     1  cubic  yard. 
46656  cubic  inches     =     1  cubic  yard. 

35  cubic  feet         =     1  ton  of  sea  water. 

CORN  MEASURE. 

2  pints 
2  quarts 

=     1  quart.                       2  quarterns     =     1 
=     1  quartern.                 2  gallons         =     1 

gallon. 
peck. 

1   1  yard  =  0-91438347  mfetre.     1  mötre  =  1-0936330;  yard.      1  mile  =  1-6093149072  kilo- 
mfetre.     1  kilomfetre  =  0-621383  mile. 
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8  gallous      =     1  bushel. 

ö  busheis      =     1  sack. 

10  bushols      =     1  (luarter. 

Com  is  genorally  iiuoted  by  measurc,   l)ut  is  at-tually  soM  by  weight, 

the  galloii  being  reckoned  as  7  Ibs.,  the  bushel  as  5<;  Ibs.,  and  the  quarter 

as  5  cwt.     Wheat  usually  weighs  from  60  to  64  Ibs.    to  the  bushel  mea- 

sure,   tho  liest  being  tho  heaviest.     Various  local  measures  are  still  used 

in  mauy  oorn  niarkets.    Tho  old  corn-gallon  coutained  268'8  cubic  inches. 


COAL  MEASURE  (disused). 

3  busheis     =     1  sack. 
12  sacks         =     1  chaldrou. 
Coal   is   now   sold   by  weight;   bat  coke   is   still  sold  by  the  old  coal 
measure. 

LIQUID  MEASURE.  2 

4  gills,  quarterns,  or  noggins     =     1  pint. 
2  pints  =     1  quart. 

4  quarts  =     1  gallon. 

9  gallons  =     1  firkin.  ^ 

18  gallons  =     1  kilderkin. 

36  gallons  =     1  barrel. 

54  gallons  =     1  hogshead. 

42  gallons  =     1  tierce. 

63  gallons  =     1  hogshead, 

2  hogsheads  =     1  pipe. 

2  pipes  =     1  tun. 

A  hogshead  of  wine  varies  from  48  to  60  gallons.  A  pipe  of  wine 
varies  from  about  06  to  120  gallons.  Sherry  is  also  sold  by  the  quarter 
cask  of  27  gallons  nearly.  Brandy  and  bottled  ale  are  also  sold  by  the 
'reputed  pinV  or  ^reputed  quarV  of  12  and  6  to  the  gallon  respectively. 
Wine  and  brandy  are  also  sold  by  the  dozen,  which  is  taken  to  be  2  gal- 
lons. The  Imperial  gallon  contaius  277*27  or  277*274  cubic  inches.  The 
old  wine  gallon  (or  Winchester  measure)  contained  231  cubic  inches,  and 
the  old  ale  gallon  282.  A  pipe  is  also  sometimes  called  a  bntt.  The 
butt  of  ale  is  108  gallons. 


Beer. 


Spirits. 


ATOIEDUPOIS  WEIGHT.  ^ 


16  drams 

=     1  ounce  (oz.). 

16  ounces 
14  pounds 

=     1  pound  (Ib.). 
=     1  stone. 

2  stones 
4  quarters 
20  hundredw.eight 

=     1  quarter  (qr.), 
=     1  hundredweig' 
=     1  ton. 

TROY  WEIGHT. 

Used  for  gold  and  silver,  jewellery,  and  some  chemical  experiments. 
24  grains  =     1  pennyweight  (dwt.). 

20  pennyweights     =     1  ounce  (oz.). 
12  ounces  =     1  pound  (Ib.). 

2  1  gallon  =  4-54102  litres.  1  litre  =  0-220215  gallon.  3  i  grain  Troy  =  0-06479895  gramme. 
1  gramme  =  15-43234874  grains.  1  pound  avoir.  =  0-453o926525  kilogramme.  1  kilogramme 
=  2-20462125  Ibs.  avoir. 
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20  gi'ains        =     1  scruple.         1  8  drams      =     1  ounce. 

3  scruples     =     1  dram.  j  12  ounces     =     1  pound. 

These  denominations  are  not  all  used  together.  Thus  heavy  weights 
are  reckoned  in  tons,  cwt.,  quarters,  and  Ibs.  Stones,  pounds,  and  ounces 
are  used  for  weights  usually  ranging  below  2  cwt.  Butchers  use  a  stone 
of  8  Ibs. 

The  pound,  ounce,  and  grain  are  the  same  in  Troy  as  in  apothecaries 
weight.  Practically,  pennyweights  are  not  now  used.  Bullion  is  purchased 
at  the  Mint  in  ounces  Troy  and  decimal  parts  of  an  ounce. 

An  ounce  Troy  contains  480  grains,  and  a  pound  Troy  5760  grains. 
An  avoirdupois  pound  contains  7000  Troy  grains. 

English  Units  of  Weight  and  Measure. 

The  Units  of  weight  and  measure  depend  upon  a  Standard  yard  and 
a  Standard  pound  Troy,  which  were  made  by  order  of  Parliament  in 
1760.  All  other  English  weights  and  nieasures  depend  upon  these.  But 
in  case  of  loss  or  injury  to  the  Standard,  it  was  declared  that  the  length 
of  the  pendulum  vibrating  seconds  in  vacuo  in  London  at  the  sea  level 
should  be  taken  to  be  39*13929  inches,  so  that  it  should  always  be  pos- 
sible  to  find  the  length  of  the  inch  by  proper  experiment  and  calculation. 
In  the  same  way  the  weight  of  a  grain  may  be  determined  from  the 
fact,  that  a  cubic  inch  of  distilled  water  weighed  in  air  at  a  temperature 
of  62  degrees  Fahrenheit  and  with  the  barometer  at  30  inches,  is  de- 
clared to  be  252'458  grains.  The  pound  avoirdupois  contains  7000  grains, 
and  the  pound  Troy  5760  grains.  The  Imperial  gallon  has  been  doubly 
defined  as  being  10  pounds  avoirdupois  of  distilled  water  under  the  con- 
ditions  mentioned  above,  or  277'274  cubic  inches.  This  contains  by  im- 
plication  the  whole  comparison  between  English  Standards  of  weight  and 
measure.  The  exact  weight  of  a  cubic  foot  of  fresh  water  under  these 
conditions  is  62-3535  Ibs.  or  997-656  oz.  avoirdupois.  Now  ordinary  fresh 
water  is  usually  a  little  heavier  than  this,  from  its  containing  air  and 
mineral  matter  in  Solution.  It  is  therefore  convenient  to  reckon  a  cubic 
foot  of  ordinary  fresh  water  as  6V4  gallons,  62 V2  Ibs.  or '1000  oz.: 
16  cubic  feet  are  thus  100  gallons.  The  exact  number  of  cubic  feet  in 
a  ton  of  water  is  35-943,  and  may  therefore  be  taken  as  36  cubic  feet. 
In  ship-building  a  ton  of  sea  water  is  reckoned  at  35  cubic  feet,  or  64  Ibs. 
to  the  foot. 

It  is  worth  while  to  mention  that  the  ton  of  shipping  is  not  a  fixed 
quantity.  A  ton  of  cargo  simply  means  the  quantity  which  the  ship- 
owner  is  willing  to  take  as  a  ton  for  the  purpose  of  charging  freight, 
and  this  is  different  for  nearly  every  article  of  trade.  A  ton  of  tonnage 
merely  means  a  certain  number  of  cubic  feet  which  a  vessel  is  supposed 
to  have  disposable  for  stowing  cargo,  on  a  very  artificial  measurement, 
which  diflfers  in  different  countries,  and  for  different  purposes  in  the 
same  country.  The  only  fixed  thing  is  that  a  ton  weight  of  salt  water 
measures  35  cubic  feet  very  nearly,  and  is  taken  to  have  exactly  this 
measure.  C.  W.  Mekkifield,  F.R.S. 
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Teclinisclies  Voca^ 

für  teclinische  Lehranstj  Q 

sowie  zum  Selbststudium  für  t- 

Studirende  und  Industi  *^ 


WERSHO 

SU  Pf. 


Teclinisclies  Vocabular 

für  technische  Lehranstalten 

und  zum   Selbststudium  für  Studirende, 

Techniker  und  Industrielle. 

Von  F.  J.  WERSHOVEN.  Von   F.  J. 

8.  Geh.  2  M.  50  Pf.  Cart.  2  M.  70  Pf.  8.    Geh.  1  M. 

Die  in  der  Physik  und  Mechanik,  in  der  Chemie  und  Techn 
Maschinen-  und  Eisenbahnwesen  vorkommenden  Ausdrücke  und  Wenaungeu 
sind  hier,  leicht  auffindbar  nach  den  Materien  geordnet,  nebeneinander 
gestellt.  Der  Director  der  Technischen  Hochschule  in  Aachen  Geh.  Reg. 
Rath  von  Kaven  bezeichnet  diese  Vocabularien  in  einem  Vorwort  zum 
„Technical  Vocabulary"  als  treffliche  Hülfsmittel  beim  Studium  der  tech- 
nischen Literatur  wie  für  den  mündlichen  Verkehr;  Hofrath  Prof.  Dr.  Rudolf 
von  Wagner  in  Würzburg  empfahl  dieselben  angelegentlich  als  unentbehr- 
liche Hülfsmittel  beim  Studium  der  technischen  Literatur,  beim  Besuch  der 
internationalen  Ausstellungen  und  auf  Reisen  im  Auslande. 


Illustrirter  Katalog 

der 

Pariser  Weltausstellung   von    1878. 

Unter  Mitwirkung  zalilreiclier  Berichterstatter  herausgegeben 

von 

"W".    H.  XJtLlaxid. 
I.  Theil :   Kunstindustrie.  —  II.  Theil :    Maschinentechnik. 

4.     Geh.  34  M.     Geb.  40  M. 

Dieses  Prachtwerk,  bietet  mit  seinen  über  1000  Abbildungen  in  Holzschnitt,  welche  gegen 
1400  Ausstellungsob.jecte  darstellen,  Künstlern,  Industriellen  und  Technikern  eine  reiche 
Fundgrube  neuer  Ideen,  technischen  Lehranstalten  sowie  zur  Selbstbildung  ein  Muster-  und 
Vorlagebuch  von  bleibendem  Werth. 

Neben  der  Ausgabe  iu  einem  Bande,  geheftet  oder  gebund'^n,  ist  das  Werk  auch  nach 
und  nach  in  17  Lieferungen  zu  2  Mark  für  die  Lieferung  zu  beziehen. 


Die   Dampfmaschine. 

Gescliiclite    ihrer    EntAvickelung-. 

A'on 

Bobert  H.  TlmrstoD. 

Bearbeitet  und  mit  Ergänzungen  versehen  von  W.  H.  Uhlaud. 

Zwei  Theile. 

Mit  188  Abbildungen.    8.    Geh.  10  M.    Geb.  in  1  Bande  11  M. 

(Internationale  iuissenscJinftlicJie  BibliotJieJc  43.  und  44.  Band.) 

Das  vortreffliche  amerikanische  Werk  des  Professor  Thurston  wird  durch  die  vorliegend 
Bearbeitung  deutschen  Ingenieuren  und  Mechanikern  zugänglich  gemacht  und  ist  ansserdei 
allen  zu  empfehlen,  welche  sich  über  die  Erfindung  und  Ausbildung  der  Dampfmaschine  bi 
lehren  wollen.  Als  Anhang  hat  der  deutsche  Bearbeiter,  W.  H.  Uhland,  einen  Bericht  üb« 
die  neuesten  Constructionen  von  Dampfmaschinen  hinzugefügt. 
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